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Department  of  Agriculture, 
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To  the  Legidatwre  of  the  State  of  New  York: 

1  have  the  honor  to  submit  herewith  the  Thirty-fourth  Annual 
Report  of  the  Director  and  Board  of  Control  of  the  New  York 
Agricultural  Experiment  Station  at  Geneva,  N.  Y.,  in  pursuance 
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I  am,  respectfully  yours, 

CHARLES  S.   WILSON, 
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NEW    YORK    AGRICULTURAL    EXPERIMENT    STATION. 

W.  H.  Jordan,  Director. 

Geneva,  N.  Y.,  January  12,  1916. 

Hon.  Charles  S.  Wilson,  Commtsston^  of  Agricylture,  Albc^ny, 
N.  Y.: 

Dear  Sir:  I  have  the  honor  to  transmit  herewith  the  report  of 
the  Director  of  the  New  York  Agricultural  Experiment  Station 
for  the  year  1915. 

Yours  respectfuUy, 

BURT   E.   SMALLEY, 

Prmderd  Board  of  CorUrol. 
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Board  of  Control  of  the  New  York  Agricultural 

Experiment  Station. 


TREASURER'S  REPORT. 


Geneva,  N.  Y.,  October  1,  1915. 

To  the  Board  of  Control  of  the  New  York  AgricuUural  Experiment 
Station: 

As  Treasurer  of  the  Board  of  Control,  I  respectfully  submit  the 
following  report  for  the  fiscal  year  ending  September  30,  1915: 

Maintenance  Fxtnd  —  Necessary  Expenses. 

appropriation  1914-1915. 

1914.  Receipts.  Dr. 

Oct.  1.  To  balance  on  hand $89  80 

To  amount  received  from  Comptroller 23 ,000  00 

$23,089  80 


Report  op  the  Treasttrer  op  the 

Expenditures.  Cr, 

By  real  estate $376  00 

By  real  estate  maintenance 66  41 

By  office  equipment 136  89 

By  office  maintenance 1 ,053  45 

By  laboratory  equipment 2,428  96 

By  laboratory  maintenance 972  72 

By  farm  equipment 2,379  16 

By  farm  maintenance 7,707  63 

By  publications 295  78 

By  traveling  expenses 3,006  95 

By  miscellaneous 2,604  42 

By  heat,  light  and  water 317  24 

By  balance 1,744  19 


$23,089  80 


General    Expense  —  Heat,    Light,    Water,    Apparatus,    Re- 
pairs, Etc. 

1914.  Receipts.  Dr. 

Oct.  1.  To  balance  on  hand $3  07 

To  amount  received  from  Comptroller 5,500  00 


$5,503  07 


Eacpenditures.  Cr. 

By  real  estate  maintenance $1 ,386  09 

By  office  equipment 263  10 

By  farm  maintenance 36  70 

By  farm  equipment 29  25 

By  miscellaneous 72  91 

By  heat,  light  and  water 3,709  95 

Oct.  1, 1915.  Balance 5  07 

$5,503  07 
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Salaries. 
$52,000,  appropriation  1014-1915. 

1914.  Receipts,  Dr. 

Oct.  1.  To  balance  on  hand $4,753  93 

To  amount  received  from  Comptroller 51 ,540  08 

$56,294  01 


Expenditures.  Cr. 

By  salaries $51,320  03 

By  balance  remitted  to  State  Treasm^r 220  05 

Oct.  1, 1915.  Balance 4,753  93 

$56,294  01 

Labor. 
$17,000,  appropriation  1914-1915. 

1914.                                   Receipts.  Dr. 

Oct.  1.  To  balance  on  hand $771  75 

To  amomit  received  from  Comptroller 16,894  37 

$17,666  12 

Expenditures,  Cr. 

By  labor $16,293  43 

By  balance  remitted  to  State  Treasurer 600  94 

Oct.  1, 1915.  Balance 771  75 

$17,666  12 

Salaries  —  Special  Appropriation. 

1914.                                     Receipts.  Dr. 

Oct.  1.  To  amount  received  from  Comptroller $2,333  33 

Expenditures.  Cr, 

By  salaries $2,333  33 


4  Report  of  the  Treasurer  of  the 

Chatttattqtta  Grape  Investigation  Fund. 

1914.                                      Receipts,  Dr. 

To  amount  received  from  Comptroller $7,500  00 

Expenditures.  Cr. 

By  real  estate  maintenance $6  00 

By  office  equipment 5  00 

By  office  maintenance 62  30 

By  laboratory  equipment 11  51 

By  laboratory  maintenance 40  62 

By  farm  equipment 2  00 

By  farm  maintenance 1 ,742  21 

By  salaries  remitted  to  State  Treasurer 08 

By  traveling  expenses 296  17 

By  miscellaneous 101  90 

By  salaries 3,799  92 

By  labor 1,161  25 

By  heat,  light  and  water 29  44 

Oct.  1,  1915.  Balance 241  60 


$7,500  00 


Fertilizers,  Feedino  Stuffs,  Etc. 

$16,000,  APPROPRIATION  1914-1915. 

1914.                                      Receipts.  Dr. 

To  amoimt  received  from  Comptroller $15,274  96 

Expenditures.  Cr. 

By  office  maintenance $1  20 

By  laboratory  equipment 505  26 

By  laboratory  maintenance 968  92 

By  farm  maintenance 7  60 

By  miscellaneous 168  87 

By  balance  remitted  to  State  Treasurer 486  78 

By  salaries 10,635  76 

By  traveling  expenses 152  99 

By  labor 1,482  42 

By  heat,  light  and  water 395  50 

Oct.  1,  1915.  By  balance 469  66 

$15,274  96 
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Field,  Orchard  and  Milk  Investigations. 

1914.                                      Receipts,  Dr. 

To  amount  received  from  Comptroller $13,500  00 


Expenditures.  Cr. 

By  laboratory  equipment $26  57 

By  farm  equipment 15  70 

By  farm  maintenance 701  44 

By  salaries 8,999  88 

By  balance  remitted  to  State  Treasurer 150  12 

By  traveling  expenses 46  95 

By  miscellaneous 68 

By  labor 3,524  12 

Oct.  1, 1915.  By  balance 34  54 


$13,500  00 


Investigation  op  Hops. 


1914.                                      Receipts.  Dr. 

Oct.  1.  To  amount  received  from  Comptroller $2,290  86 


Expenditures.  Cr. 

By  real  estate $833  00 

By  real  estate  maintenance 11  00 

By  office  maintenance 75 

By  laboratory  maintenance 8  15 

By  farm  maintenance 412  85 

By  salaries 887  50 

By  traveling  expenses 112  54 

By  miscellaneous 25  07 

By  balance 

$2,290  86 


6  Report  of  the  Treabxtrer  of  the 

New  Buildings. 

1914.                                     Receipts.  Dr. 

To  amount  received  from  Comptroller $41  88 

Expenditurea.  Cr, 

By  real  estate  maintenance $5  05 

By  farm  equipment 36  83 

141  88 

Repairs  to  Buildings. 
$1,500,  appropriation  1914-1915. 

1914.                                     Receipts.  Dr. 

To  amount  received  from  Comptroller $1 ,  124  07 

Expenditures.  Cr. 

By  real  estate  maintenance $1 ,124  07 

Hatch  Fund. 

1914.                                  Receipts.  Dr. 

July  1.  Balance  on  hand $0  36 

To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  the  fiscal 
year  ended  June  30,  1915,  as  per  act  of 

Congress,  approved  March  2,  1887 1 ,499  64 

$1,600  00 

Expenditures.  Cr. 

By  farm  equipment $9  68 

By  farm  maintenance 62  20 

By  salaries 1,233  25 

By  labor 194  87 

$1,600  00 
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Adams  Fund. 

1914.  Receipts.  Dr, 

July  1.  To  Balance  on  hand $0  04 

To  reoeiptfi  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  fiscal  year 
ended  June  30, 1915,  as  per  act  of  Congress, 
approved  March  2, 1887 1,499  96 

$1,500  00 


ExpendUvres.  Cr. 

By  salaries $1,500  00 

Ring  Memorial  Fund. 

Balance  on  band  October  1, 1915 $1,000  00 


I  have  received  and  remitted  to  the  State  Treasurer 
for  the  fiscal  year  ending  October  1,  1915,  for  pro- 
duce sold $3 ,  926  66 


All  expenditures  are  supported  by  vouchers  approved  by  the 
auditing  committee  of  the  Board  of  Control  and  have  been  forwarded 
to  the  C!omptroller  of  the  State  of  New  York. 

William  O'Hanlon, 

Treasurer. 


DIRECTOR'S  REPORT  FOR  I9i5.* 


W.  H.  JORDAN. 


To  the  Honorable  Board  of  Control  of  the  New  York  Agricidturd 
ExperimefU  Station: 

Gentlemen. —  In  accordance  with  the  usual  custom,  I  present 
herewith  the  report  of  the  operations  of  this  institution  for  the 
calendar  year  1915,  together  with  a  statement  of  our  needs  for 
maintenance  and  for  additional  equipment.  I  feel  it  to  be  my  duty 
to  place  special  emphasis  upon  the  additions  to  equipment  and  funds 
which  are  essential  to  the  progress  and  efficiency  of  the  institution. 
The  Station  now  sustains  State-wide  relations,  and  its  work  is  related 
to  agricultural  products  in  a  very  definite  and  important  way.  If 
nothing  more  were  taken  into  account  than  its  aid  in  defending  the 
fanners  of  the  State  against  fungus  and  insect  pests  the  investment 
which  the  State  makes  in  the  institution  could  but  be  regarded  as 
a  very  profitable  one.  More  than  this,  the  Station  has  a  constructive 
value  in  opening  the  way,  slowly,  to  be  sure,  for  more  eflFective 
methods  of  handling  the  vast  agricultural  resources  of  the  State. 
For  all  these  reasons  careful  consideration  should  be  given  to  what  are 
its  real  needs  if  its  work  is  to  develop  in  accordance  with  the  demands 
made  upon  it.  Unless  it  is  given  the  means  of  building  new  struc- 
tures and  replacing  those  that  have  outUved  their  usefulness,  the 
Station  will  not  only  make  no  advances  in  its  facilities  but  will 
enter  upon  the  down  grade. 

ADMINISTRATION. 

STATION   STAFF. 

The  demand  for  men  of  experience  and  competent  training  from  the 
Experiment  Stations  of  the  country  and  other  investigational  institu- 
tions brings  about  more  changes  in  the  Station  Staff  than  is  consistent 
with  its  welfare.    The  past  year  has  been  no  exception  in  this  respect: 

Mr.  Alfred  W.  Bosworth,  A.  M.,  Associate  Chemist,  who  has  been 
connected  with  the  institution  since  May  15,  1905,  resigned  his 
position  to  take  effect  December  31st  of  this  year  to  accept  a 
research  position  in  connection  with  hospital  work.  Mr.  Bosworth's 
work  during  his  connection  with  the  Station  has  been  chiefly  devoted 

^  llua  JB  a  r^xrint  of  Bulletin  No.  413,  December,  1916. 
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to  the  chemistry  of  inilk  and  its  products,  and  he  has  contributed  im- 
portant new  facts  to  this  field  of  biological  chemistry.  His  severance 
from  the  Station  is  a  matter  of  regret  on  the  part  of  his  associates. 

Frederick  N.  Crawford,  B.  S.,  Assistant  Chemist,  resigned  his 
position  to  take  effect  September  20th  in  order  to  pursue  further 
chemical  studies. 

Forest  M.  Blodgett,  Ph.D.,  Associate  Botanist,  who  had  devoted 
his  time  for  two  years  largely  to  the  suppression  of  fungus  troubles 
on  hops  severed  his  connection  with  the  institution  on  May  1st. 
The  work  of  Mr.  Blodgett  resulted  in  some  very  definite  and  valuable 
conclusions  as  to  the  control  of  hop  mildew.  It  is  imderstood  that 
he  is  to  continue  his  efforts  on  behalf  of  the  New  York  State  CoUege 
of  Agriculture  in  extending  among  hop  growers  the  knowledge 
acquired. 

On  December  9th  occurred  the  unexpected  death  of  Adin  H. 
Horton,  who  for  twenty-six  years  had  occupied  a  clerical  position 
at  the  Station.  It  is  fitting  Uiat  I  should  express  to  you  and  to  the 
public  an  appreciation  of  the  faithfulness  and  efficiency  of  Mr. 
Horton's  service  to  the  institution.  During  this  long  period  of  time 
there  was  no  single  f  aQure  of  his  to  attend  to  his  duties  in  the  most 
efficient  and  painstaking  manner,  unless  prevent^  from  so  doing 
by  ph3rsical  disability.  Such  long  continued,  conscientious  service 
is  not  so  common  but  that  it  should  receive  special  mention. 

Two  members  of  the  Staff,  Mancd  T.  Munn,  B.  S.,  Assistant 
Botanist,  and  Bentley  B.  Fulton,  B.  A.,  Assistant  Entomologist, 
have  been  absent  from  the  institution  for  a  portion  of  the  year  for 
special  advanced  study.  This  has  necessitated  the  filling  of  their 
places  temporarily.  Mr.  Arthur  J.  Mix,  A.  B.,  a  graduate  of 
Hamilton  College,  and  who  has  pursued  graduate  studies  for  a  con- 
siderable period  at  Cornell  University,  was  appointed  to  fill  the  place 
made  vacant  by  Mr.  Munn,  his  duties  beginning  on  October  1st. 
Mr.  Frank  H.  Lathrop,  M.  S.,  a  graduate  of  Ohio  State  University, 
was  appointed  in  the  place  of  Mr.  Fulton,  his  duties  beginning  on 
June  16th. 

The  vacancy  caused  by  the  resignation  of  Mr.  Crawford  has  he&k 
filled  by  appointment  of  Edward  J.  Lewis,  B.  S.,  a  graduate  of  the 
University  of  Michigan,  who  began  his  duties  early  in  November. 

Mr.  William  F.  Walsh,  B.  S.,  a  graduate  of  the  University  of 
Michigan  in  1912,  and  Mr.  Arthur  J.  Flume,  B.  S.,  a  graduate  of  the 
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Univenity  of  North  Carolina  in  1914,  were  appointed  Assistant 
Chonists  on  March  22d. 

THE  CIVIL  SSRVICB  RELATIONS  OF  THE  SCIENTIFIC  STAFF. 

In  my  report  for  the  year  1914, 1  called  attention  to  the  fact  that 
the  scientific  staff  had  long  ago  been  placed  in  the  non-competitive 
daas,  with  the  exception  of  the  Associate  and  Assistant  Chemists. 
Since  this  report  was  made,  I  urged  upon  the  CivO  Service  Com- 
mission the  wisdom  of  placing  the  Associate  and  Assistant  Chemists 
in  the  same  class  as  the  rest  of  the  scientific  staff.  My  request 
was  given  favorable  consideration.  The  entu^  staff  is  now  in  the 
non-competitive  class,  an  arrangement  which  is  essential  to  the 
freedom  of  the  Station  management  in  selecting  the  best  possible 
men  for  new  or  vacant  positions,  either  from  the  State  of  New  York 
or  fnHn  outside  States. 

MAINTENANCE  FUND. 

The  following  were  the  appropriations  available  for  the  fiscal 
year  ending  Sq)tember  30,  1015: 

Manm  far  sdaitifio  staflF $52,000 

Labor 17,000 

Neoentry  espemm  of  Stotion  departmeatB 23,000 

GeaermI  ezpenae  inchidiiig  heat,  light  and  water 6,600 

LiTeetigfttioiis  in  grape  euKure 7 ,600 

For  field,  orchard,  track,  garden  crope  and  sanitary  milk  inyeetigatioiui.  14,600 

Bepain,  Dairy  aiid  Bioloc^cal  BuikUng  and  forcing  houaea 1,600 

Total $121,000 

For  the  aoaljrBea  of  aami^ea  of  fertilisera,  feeding  atuifs,  fungiddea, 
mseetieideB  and  agricuftural  seeds  submitted  by  the  State  Commift- 
noner  of  Agrievhiire,  and  for  the  examination  of  Babcock  glassware. .  16,000 

Tbe  f4)propriations  which  were  granted  for  the  fiscal  year  begin- 
ning October  1, 1915,  are  as  follows: 

Saiatiea  f or  Mientifie  aUff $63,960 

Ubor 18,320 

NeeesBsry  expenseB  of  Station  departments 23,000 

Qcneral  expense,  including  heat,  light  and  water 6,600 

InTesfcigatkxis  in  grape  cuHure 7,600 

For  field,  ordiard,  track,  garden  crops  and  sanitary  milk  investigations.  14,650 
For  the  analyses  of  samites  of  fertiliaers,  feedhig  staffs,  fungicides, 
insecticides  and  agricultural  seeds  submitted  by  the  State  Commift- 

tkmer  ot  Agrieoltare,  and  for  the  examination  of  Babcock  glassware.  17,370 

Gnuid  total $140,300 
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The  appropriations  which  your  Board  voted  as  necessary  for  the 
fiscal  year  banning  October  1,  1916,  are  as  follows: 

General  salaries  of  members  of  scientific  and  clerical  staffs $56,450 

Services  of  laborers,  including  janitors,  poultrjrman,  engineer,  herdsman, 
dairy  helper,  foreman  of  orchards,  florist  and  gardener,  general 
mechanic,  watchman,  teamsters,  farm  and  other  common  labor 18,320 

Necessary  expenses  of  investigations,  excluding  salaries,  but  including 
chemicals,  scientific  apparatus,  machinery,  fertilizers,  cattle  foods, 
maintenance  of  working  animals,  travding  expenses  and  other  neces- 
sary expenses,  in  conducting  researcheB  at  Uie  institution,  and  throu^- 
out  the  State  in  soils,  plant  nutrition,  horticulture,  diseases  of  plants, 
injurious  insects,  bacteriology,  animal  nutrition,  dairy  practice  and 
poultry  keeping 23,000 

General  expenses,  including  heat,  light,  water,  general  equipment  and 
general  repairs 5,500 

Investigations  of  the  conditions  of  grape  growing  in  Chautauqua  County 
and  other  grape-growing  sections  of  the  State,  including  cultivation. 
methods  of  management,  fungus  and  insect  depredations  and  varieties.  7 ,  700 

For  conducting  field,  orchard  and  truck  and  garden  crop  investigations 
and  demonstrations  and  investigating  and  demonstrating  the  means 
and  methods  of  producing  sanitary  milk 15,300 

For  the  enforcing  of  the  provisions  of  the  law  in  relation  to  commercial 
fertilisers,  concentrated  feeding  stuffs,  fimgicides  and  insecticides, 
agricultural  seeds  and  the  testing  and  marking  of  Babcock  glassware, 
pursuant  to  sections  two  hundred  and  twenty-four,  one  hundred  and 
sixty-four  and  one  hundred  and  forty-three  of  chapter  nine  of  the 
laws  of  nineteen  hundred  and  nine,  section  thirty-four  and  section 
fifteen,  chapter  two  hundred  and  ninety-eeven  of  the  laws  of  nineteen 
hundred  and  twelve 17,470 

Grand  total  for  maintenance $143,740 

The  increase  for  maintenance  requested  for  1916-17  is  $3,540. 
Of  this  $2,700  is  for  increases  of  salaries  of  associates  and  assistants, 
these  increases  var3ring  from  $100  to  $250  per  year.  Provision  is 
also  made  for  another  stenographer,  such  additional  help  being 
needed. 

It  is  to  be  noted  that  the  appropriations  for  the  maintenance  of 
the  Station  are  classified  in  seversJ  divisions  as,  for  instance,  two 
items  for  expenses  and  separate  items  for  investigations  in  grape 
culture  and  investigations  of  orchard,  truck  and  garden  crops 
and  methods  of  milk  sanitation.  This  is  an  unnecessary  and  to 
some  extent  burdensome  division  which  came  about  through  the 
way  in  which  additional  funds  were  provided.  The  grape  growers 
of  Chautauqua  County  wished  aid  and  secured  a  separate  appropri- 
ation and  later  the  income  of  the  Station  was  increased  by  an  item 
for  field  investigations  and  studies  of  milk  sanitation.  The  work 
of  the  Statkm  is  practically  a  unit;  that  is,  its  scientific  staff  partici- 
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pates  in  all  of  this  work  outidde  of  inspection,  and  the  law  establish- 
ing the  Station  and  the  language  now  used  in  defining  necessary 
expenses  of  investigations  are  comprehensiye  and  exclude  nothing 
of  an  agricultural  character.  I  therefore  suggest  that  the  Station 
budget  be  more  or  less  consolidated.  It  would  be  well  if  the  in- 
dividualizing of  salaries  should  not  be  insisted  upon.  Outside  of 
the  salary  budget,  whether  or  not  this  is  individualized,  I  would 
recommend  the  following  divisions  of  the  budget: 


General  aklaries  of  memben  of  ecientific  and  derical  staff  (individi 
if  dedied) $84,720 

Labor,  including  janiton,  poultfyman,  engineer,  herdaman,  fonman  of 
orcfaarda,  florist  and  gaidener,  general  mechamc.  watchman,  teamsters, 
f ann  and  other  common  labor  (this  fist  to  be  indnridnalised  with 
the  exception  of  teamstera  and  common  labor) 24,325 

The  neoeeeazy  expenses  of  investigation  and  the  general  maintenance  of 
the  institntion,  exefaiding  salaries  and  labor,  but  including  chemicals, 
sdentafic  apparatus,  farm  machinery,  fertiuaerB,  catUe  foods,  main- 
tenance of  working  animals,  traveling  expenses  and  other  expenses, 
inHiiding  general  repaizs  to  Station  buiMings,  necessary  for  con- 
ducting investigations  at  the  institution  and  throughout  tbe  State  in 
soiIb,  plant  nutrition,  horticulture,  diseases  of  plants,  injurious  insects, 
bacteriology,  animal  nutrition,  dairy  praetioe  and  poultry  keeping...  34,700 

Such  a  division  of  the  budget  would  simplify  the  bookkeeping 
both  at  the  institution  and  in  the  Comptroller's  office  and  would 
render  the  administration  of  the  funds  much  more  simple  and 
convenient. 

I  must  .renew  my  earnest  recommendation  that  the  salary  list 
either  be  appropriated  in  a  lump  sum  or  else  a  contingent  fund  be 
provided  for  such  changes  in  salary  as  seem  necessary  to  the  main- 
tenance of  the  efficiency  of  the  institution.  A  more  extended  dis- 
cussion of  the  Station's  budget  appears  later. 

NSW  SQUIFMENT. 

I  can  not  do  better  than  to  quote  the  language  used  in  my  report 
for  1914  relative  to  the  need  of  new  buildings.  The  time  has  come 
when  the  State  must  face  the  question  as  to  whether  it  will  maintain 
and  develop  the  Experiment  Station  in  accordance  with  the  in- 
creased demands  made  upon  it  for  public  service,  or  witness  a  failure 
to  meet  the  demands  on  it  and  a  decline  in  efficiency. 

"  The  Experiment  Station  was  established  in  1882,  and  since  that 
time  it  has  been  growing  slowly  but  continuously.  This  growth  has 
not  been  forced  but  has  been  the  result  of  demands  made  by  agricul- 
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tural  people  for  the  solution  of  important  problems.  During  the 
eighteen  years  in  which  I  have  been  connected  with  the  institution^ 
the  scientific  and  clerical  staff  has  increased  from  fourteen  persons 
to  approximately  forty.  The  building  equipment  has  also  increased, 
but  not  at  all  in  proportion  to  the  demands  made  upon  the  Station. 
For  several  years  an  effort  has  been  made  to  secure  a  building  which 
would  serve  at  the  same  time  to  accommodate  the  administrative 
offices,  give  space  for  the  visualizing  of  results  which  we  have  reached 
and  provide  for  an  auditorium.  During  this  time  other  needs  have 
become  very  apparent  and  by  direction  of  your  Board  what  may 
seem  to  many  a  liberal  sum  of  money  is  now  being  asked  for  additional 
equipment.  The  coming  L^islature  is  to  be  asked  for  appropriar 
tions  for  three  buildings — ^an  administration,  demonstration  and 
library  building,  new  forcing  houses  and  a  building  providing  cold 
storage  facilities. 

"  The  reasons  why  we  ask  for  the  larger  building  have  been  stated 
many  times,  but  are  here  again  sunmiarized: 

''  The  Station  has  no  audience  room  where  agricultural  societies 
and  other  bodies  of  farmers  may  meet  for  the  discussion  of  our 
work.  During  the  sunmier  season,  large  bodies  of  farmers  come 
to  the  Station  and  in  case  of  rain  (which  frequently  occurs)  it  is 
not  possible  for  an  audience  to  assemble.  More  visitations  would 
be  made  if  we  had  an  audience  room.  Agricultural  societies  would 
meet  with  us  if  an  audience  room  was  available.  No  other  agricul- 
tural institution,  of  which  I  know,  is  placed  in  so  awkward  a  situation. 

''  At  least  three  existing  departments  of  the  Station  need  more 
space  and  the  new  department  for  the  investigation  of  soils  must 
be  provided  with  quarters  much  larger  than  it  now  possesses.  The 
new  building  would  relieve  space  in  two  other  buildings  in  order 
to  give  needed  rooms  for  the  departments  mentioned. 

''  The  Station  is  seriously  in  need  of  a  generous  amount  of  space, 
not  now  provided,  for  setting  up  objective  demonstrations  of  its 
work  in  dairying,  plant  diseases,  injurious  insects,  horticulture, 
fertilizers  and  feeding  stuffs  in  order  that  the  visitors,  who  come  to 
us  by  hundreds,  may  gain  an  intelligent  idea  of  what  the  Station  has 
done.  .Such  demonstrations  are  also  needed  if  agricultural  bodies 
are  to  meet  with  us. 

"  The  Station  has  now  come  to  possess  a  valuable  library  of  several 
thousand  volumes,  and  space  in  fireproof  quarters  should  be  pro- 
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vided  for  this  library.  It  is  now  located  in  the  old  mansion  house 
bought  with  the  Station  farm. 

"The  old  mansion  house,  now  occupied  by  the  administrative 
offices  and  library,  ia  needed  as  a  place  where  the  members  of  the 
staff  and  other  employees  can  get  meals,  and  where  livixig  rooms 
can  be  furnished  to  those  persons  who  should  be  on  the  Station 
grounds.  The  Station  is  a  mile  and  a  half  from  the  city  where 
board  can  be  obtained  and  it  is  time-consuming  and  wasteful  for 
members  of  the  Station  staff  to  travel  so  far  in  order  to  get  a  mid- 
day meal.  It  is  important  that  such  accommodations  exist  as  the 
mansion  house  would  furnish  if  the  administrative  offices  and  library 
could  be  moved  into  another  building. 

''In  the  thirty  years'  existence  of  the  Station,  there  has  been 
appropriated  to  it  for  buildings  in  all  only  1155,450.  Twenty-seven 
buildings  now  exist  on  the  Station  property,  and  it  is  fair  to  claim 
that  no  other  State  institution  has  a  better  record  for  economy  of 
expenditure  in  the  way  of  building  equipment. 

"  The  time  has  come  when  in  order  to  carry  on  its  work  with  the 
desired  efficiency  new  and  greatly  enlarged  plant  houses  should  be 
provided.  The  present  plant  houses  of  the  Station  were  erected 
about  twenty-five  years  ago.  They  have  exceeded  the  usual  life  of 
such  structures,  and  are  now  neither  adequate  nor  efficient.  There 
is  a  large  amount  of  work  in  agricultural  investigation  which  should 
be  carried  on  in  such  houses,  if  carried  on  at  all,  including  plant 
breeding,  plant  nutrition  and  studies  of  plant  diseases  and  injurious 
insects,  to  all  of  which  lines  the  Station  is  obliged  to  give  much 
attention. 

"  The  small  cold-storage  house,  established  chiefly  for  the  storing 
of  fruits,  was  erected  at  the  Station  something  more  than  twenty 
years  ago.  The  preservation  of  fruits,  of  which  the  Station  has 
several  thousand  varieties,  requires  cold  storage  facilities  in  order 
that  such  materials  may  be  used  for  study  and  exhibition  purposes. 
The  present  cold-storage  plant  is  inadequate  in  size  and  construction 
and  if  retained  will  need  enlargement  and  extensive  repairs.  A 
new  building  should  be  erected.'' 

There  has  developed  within  the  past  year  an  opportunity  to  pur- 
chase what  is  now  known  as  Smith  Park,  a  tract  of  land  of  23  acres, 
lying  adjacent  to  the  Experiment  Station  property.  It  is  probable 
that  unleas  this  land  is  acquired  by  the  Station  it  will  be  divided 
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into  building  lots  find  ultimately  become  a  part  of  the  thickly  settled 
portion  of  the  city.  From  every  point  of  view  this  would  be  very 
undesirable  so  far  as  the  Station  interests  are  concerned.  It  is  now 
difficult  to  protect  the  Station  grounds,  on  which  are  planted 
thousands  of  varieties  of  fruit,  from  marauders.  If  the  adjacent 
population  is  largely  increased,  the  Station's  experimental  work 
is  liable  to  suffer  from  the  invasions  of  persons  who  have  no  respect 
either  for  the  work  we  are  doing  or  the  rights  of  property.  Much 
trouble  of  this  kind  is  experienced  now. 

More  than  this,  it  is  important  that  the  Station  should  have  an 
area  on  which  both  to  develop  an  arboretum  and  to  collect  the  various 
species  of  wild  fruits  from  which  our  cultivated  fruits  have  been  de- 
veloped.   This  would  be  a  great  aid  to  our  studies  of  plant  breeding. 

The  sums  suggested  for  these  various  additions  of  equipment  and 
land  are  as  follows: 

Administration,  Library  and  Demonstration  Building $100,000 

New  Forcing  Houses 25,000 

New  Gold-Storage  Building 10,000 

For  the  purchase  of  Smith  Park 33,000 

This  totals  a  much  less  sum  of  money  than  has  been  provided  for 
single  buildings  for  institutions  which,  however  important,  have  a 
less  wide  relation  and  application  to  the  agriculture  of  the  State 
than  does  the  Experiment  Station. 


PUBLICATIONS. 

During  the  year  1915  the  following  publications  have  been  issued 
by  the  Station:  20  Complete  Bulletins,  8  Technical  Bulletins  and 
14  Circulars.  Of  the  so-called  Complete  Bulletins  12  have  been 
issued  in  a  popular  form  more  adapted  to  use.  The  following  is  a 
statement  of  the  number  of  bulletins  of  each  class  issued  from  the 
various  departments  of  the  Station: 


Publication 


Bulletins.... 
Technical 

bulletins. . 
Circulars. . . . 


Ad- 
minis- 
tration 

Agron- 
omy. 

Bacteri- 
ology. 

Bot- 
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mology. 
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culture. 

1 

i 
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The  Station  buUetins  are  distributed  in  practicaUy  every  county 
of  the  State.  There  is  a  gradual,  though  not  marked,  increase 
from  year  to  year  in  the  number  of  persons  receiving  these  publi- 
cations. Many  requests  are  received  for  distribution  of  our  bulletins 
in  bulk;  that  is,  by  sending  100  or  500  or  some  other  number  to  a 
party  making  the  request,  these  to  be  distributed  by  him.  It  is 
not  the  policy  of  the  Station  to  comply  with  such  requests.  Dis- 
tribution of  bulletins  in  this  form  is  a  waste  of  material  and  it  is 
out  of  the  question  for  the  institution  to  determine  the  edition  that 
should  be  published  if  such  requests  were  to  be  met.  It  is  to  be 
emphatically  stated  that  personal  requests  for  single  numbers  or 
careftilly  selected  lists  of  our  bulletins  will  always  be  honored  imless 
the  publications  asked  for  are  out  of  print.  The  technical  bulletins 
and  circulars  are  not  intended  for  general  distribution,  the  latter 
being  prepared  as  an  aid  to  answering  the  numerous  inquiries  received 
at  the  Station.  The  names  now  on  our  mailing  lists  are  approximately 
as  follows: 

POFULAB  BtJLLBIINS. 

ResideDtB  of  New  York 40,000 

Residents  of  other  States 2,309 

NewB|»pen 750 

Experimeat  stations  and  their  staffs 2,210 

Misodlaneous 100 

Total 46,360 

GOMPLBTB  BuiiLITIMB. 

Escperiment  stations  and  their  staffs 2,210 

libnries,  scientists,  etc 330 

Foreign  list 344 

Individuals 3,652 

Misedlaneous 100 

Total 6,636 

Part  2nd  of  the  Beport  of  the  Station  for  1914  consisted  of  a 
publication  known  as  "  The  Cherries  of  New  York."  This  is  the 
fourth  fruit  monograph  which  we  have  issued.  As  was  the  case  with 
the  other  fruit  books,  there  is  a  widespread  demand  for  this  one.  Of 
the  nine  thousand  copies  printed,  two  thousand  only  are  assigned 
to  this  institution  and  every  effort  is  made  to  place  these  in  libraries, 
schools  and  with  actual  growers  of  fruit  in  such  a  way  as  to  accom- 
plish the  most  good.  It  is  to  be  feared  that  many  of  the  copies 
not  distributed  by  the  Station  are  not  wisely  used.    It  is  a  fact 
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that  a  copy  of  "  The  Grapes  of  New  York  "  was  found  in  an  ash 
barrel  in  the  City  of  New  York  and  evidence  of  a  similar  character 
exists  with  reference  to  the  distribution  of  other  of  the  fruit 
monographs. 

The  fifth  number  in  the  fruit  monographs  will  be  known  as  **  The 
Peaches  of  New  York/'  and  it  is  anticipated  that  this,  when  issued, 
probably  in  1918,  wiU  be  the  most  satisfactory  number  in  the  series. 

MAINTENANCE  OF  AGRICULTURAL  RESEARCH  THROUGH  THE  USE  OF 

PUBLIC  FUNDS. 

Our  Federal  and  State  Governments  are  at  present  appl3nng 
large  sums  of  money  to  the  maintenance  of  an  extensive  S3r8tem  of 
agricultural  education  and  research.  These  funds  have  been  used 
largely  to  develop  and  support  the  agricultural  colleges  and  ex- 
periment stations.  It  should  be  said  that  in  general  the  appro- 
priations of  money  to  these  institutions  have  been  generous.  This 
is  made  evident  on  the  Experiment  Station  side  by  the  foUowing 
figures  showing  the  annual  appropriations  to  the  experiment  stations 
of  several  States  for  the  year  1914: 

Ohio $481,000 

Minnesota 396,000 

Indiana 315,000 

Illinois 298,000 

Kentucky 285,000 

California 205,000 

Iowa 162,000 

Nebraska 149,000 

New  York,  1915'-'16 143,000 

There  is  a  growing  tendency  in  the  country  at  large,  and  par- 
ticularly in  New  York,  to  scrutinize  closely  and  in  great  detail  the 
use  of  public  money,  a  tendency  much  to  be  commended.  After  the 
people  have  set  aside  certain  sums  to  be  expended  for  definite  pur- 
poses, it  is  their  right  to  know  whether  these  funds  are  honestly 
and  efficiently  applied  to  the  purposes  for  which  it  was  intended 
they  should  be  used. 

As  a  means  of  securing  fuller  control  over  the  expenditure  of 
public  money,  there  is  being  more  or  less  adopted  in  expropriation 
bills  what  is  known  as  the  budget  system,  which  is  a  departure  from 
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the  older  method  of  aasigning  funds  in  lump  sums.  The  budget 
syflton  means  a  more  or  less  detailed  segregation  into  items  of  the 
total  appropriation  of  a  given  department  or  institution,  each  item 
being  assigned  very  definitely  to  a  specified  purpose.  However  much 
there  may  be  to  commend  this  general  method  of  appropriating 
public  money,  there  is  in  it  a  distinct  menace  to  the  welfare  and 
eflbj^t  administration  of  any  scientific  institution  to  whidi  a 
budget  system  is  applied.  This  is  especially  true  of  an  agricultural 
Gq)eriment  station  because  of  the  peculiar  relations  it  sustains 
and  the  complexity  of  its  activities. 

In  the  first  place,  scientific  research,  whether  agricultural  or  other- 
wise, requires  the  services  of  men  of  special  aptitude  and  preparation 
who  must  be  found  or,  more  often,  must  be  developed  into  efficient 
relations  to  the  problems  to  be  solved,  and  to  the  institutions  to 
which  they  become  attached.  The  salaries  of  scientific  workers 
are  not  standardized  and  they  ought  never  to  be.  Each  man  has 
his  own  value  to  an  institution,  and  to  the  pubUc,  and  somewhere 
this  value  is  sure  to  be  recognized.  For  this  reason  each  State  or 
institation  ^ould  exercise  large  freedom  in  the  use  of  funds  to  secure 
and  retain  men  of  recognized  scientific  ability  in  the  fields  in  which 
thdr  sovices  are  needed. 

In  the  second  place,  there  is  an  open  competition  among  the 
experiment  stations  of  the  various  States  for  men  with  which  to 
buQd  up  their  staffs.  These  institutions  enter  a  competition  that 
has  become  nationalized.  No  important  State  is  independent  of 
the  ambitions  of  other  States  in  this  respect.  For  this  reason  the 
s^regation  through  legislation  of  a  salary  budget  on  an  individual 
basis  is  a  menace  to  the  wdfare  and  efficiency  of  an  institution 
that  must  compete  with  many  other  institutions  in  securing  and 
holding  sci^itific  investigators.  It  so  happens  that  at  the  present 
time  the  competition  among  experiment  stations  for  high-grade  men 
is  eesj^edaJly  keen,  for  the  demand  is  greater  than  the  supply  and 
duB  condition  seems  likely  to  continue.  To  tie  the  hands  of  the 
New  York  Station  by  way  of  fixed  salaries  places  it  at  a  serious 
disadvantage. 

A  dose  segr^ation  of  the  fimds  applied  to  the  maintenance 
and  operation  of  an  experiment  station  is  also  bound  to  be  ob- 
structive to  its  efficient  and  economical  management.  The  expenses 
of  an  institiitioii  conducting  various  lines  of  scientific  investigation 
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cannot  be  stabilized  very  much  in  detail.  This  should  not  be 
attempted.  Consideration  must  be  given  to  certain  facts;  namely, 
that  in  agricultural  investigation  the  work  is  complex,  is  variable 
from  year  to  year  and  in  some  of  its  phases  is  widely  distributed. 
The  expense  of  field  experiments  on  a  given  basis  varies  greatly 
according  to  the  season.  Variations  in  the  productiveness  of  dif- 
ferent seasons  modify  the  extent  to  which  certain  supplies  must 
be  purchased.  It  is  utterly  impossible  to  prophesy  nine  months 
or  a  year  ahead  just  what  directions  the  work  of  an  experiment 
station  will  take  after  a  lapse  of  such  periods  of  time.  Agricultural 
investigation  does  not  run  in  groo^^BS,  neither  can  the  distribution 
of  its  expenses. 

The  argument  that  aU  State  institutions  with  var3ring  functions 
should  be  administered  under  a  financial  system  uniform  in  details 
is  no  more  convincing  than  to  assert  that  jaundice  and  typhoid 
fever  should  have  the  same  medical  treatment.  In  view  of  these 
facts,  "  It  is  a  serious  case  to  deprive  the  responsible  officer  of  an 
institution  of  the  right  to  exercise  his  discretion."  The  State  will 
make  a  blunder  if  it  undertakes  to  administer  a  prison  and  an 
experiment  station  on  the  same  basis.  It  will  also  be  greatly  un- 
fortunate if  such  an  institution  as  an  experiment  station  is  placed 
under  such  close  and  technical  fiscal  control  as  to  make  its  adminis- 
tration difficult  and  burdensome.  In  a  recent  address  Dr.  L.  H. 
Bailey,  a  man  of  large  experience  in  agricultural  education  and 
research,  declares  "We  are  face  to  face  with  a  struggle  to  keep 
educational  institutions  free  .  .  .  from  the  deadly  domination 
of  fiscal  offices."  "  The  institutions  (of  a  State)  must  be  allowed 
to  become  what  they  are  intended  to  be."  They  must  be  treated 
in  accordance  with  what  they  are. 

I  offer  the  following  suggestions: 

(1)  If  a  salary  budget  is  itemized  on  an  individual  basis  a  con- 
tingent salary  fund  should  be  provided  in  order  that  the  adminis- 
trative officer  may  retain  or  secure  men  as  is  demanded  by  the 
best  interests  of  the  institution  in  his  charge. 

(2)  If  the  funds  provided  for  the  maintenance  and  operation 
of  an  institution  for  agricultural  investigation  are  to  be  segregated, 
these  should  be  only  on  broad  lines  and  a  reasonable  percentage 
of  the  total  appropriation  should  be  provided  as  a  contingent  fund 
in  order  to  give  elasticity  to  the  work  of  the  institution,  or  dse  the 
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admixustrative  officer  should  be  allowed  to  transfer  from  one  item 
of  the  budget  to  another  upon  due  notice  to  the  fiscal  department 
of  the  State. 

THE  STATION  AS  A  BUREAU  OF  INFORMATION. 

*  • 

The  Station  is  a  source  of  information  to  the  agricultural  public 
in  three  wa3n3:  first  and  most  importantly  through  its  literature 
that  is  supplied  to  teachers,  farm  bureau  agents  and  the  general 
public;  second,  through  addresses  given  at  important  agricultural 
meetings  and  to  some  extent  at  Farmers'  Institutes;  and  third, 
through  correspondence  with  farmers. 

As  to  the  first  means  it  should  be  distinctly  understood  that 
the  Station  desires  to  make  the  largest  possible  use  of  the  farm 
bureaus  as  a  means  of  distributing  the  knowledge  which  is  acquired 
through  its  investigations.  Occasionally  the  Station  has  been  asked 
for  large  quantities  of  literature  to  be  placed  in  the  hands  of  a  Farm 
bureau  agent  for  distribution.  It  ia  not  found  feasible  to  do  this 
because  there  seems  to  be  no  way  of  arranging  for  the  size  of  the 
edition  of  our  several  publications  if  bulk  distribution  of  that  kind 
is  to  be  carried  on.  Moreover,  such  distribution  would  be  the 
means  of  placing  bulletins  in  the  hands  of  persons  already  receiving 
these  publications  through  our  mailing  list.  In  general  the  handing 
out  of  publications  in  a  promiscuous  way  has  not  been  found  to  be 
an  efficient  means  of  using  literature.  It  is  felt,  too,  that  the  ex- 
tension effort  should  bear  its  own  expenses  and  it  is  not  considered 
fair  to  charge  the  Experiment  Station  with  the  expense  of  thousands 
of  bulletins  to  be  distributed  through  other  agencies. 

The  second  means  of  extending  a  knowledge  of  what  we  do  is 
through  addresses  given  before  the  various  agricultural  bodies  of  the 
State.  To  illustrate,  every  year  several  members  of  the  staff  appear 
before  the  New  York  State  Fruit  Growers'  Association  and  the 
Western  Horticultural  Society  and  give  popular  r69um^  of  the 
new  facts  which  we  have  brought  out  during  the  year.  In  view  of 
the  high  character  and  intelligence  of  the  members  of  these  and 
other  societies,  we  fed  that  such  effort  is  very  fruitful. 

As  to  correspondence,  it  must  be  confessed  that  it  is  at  times 
burdensome  to  men  who  are  endeavoring  to  give  their  whole  time 
and  attention  to  investigational  and  experimental  work.  During 
the  past  three  years  the  letters  which  have  been  sent  out  from  this 
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institution  have  varied  from  approximately  13,500  to  15»000  per 
annum.  While  some  of  these  are  a  part  of  the  administrative 
business  of  the  Station  a  very  large  proportion  of  them  are  written 
in  replies  to  inquiries  from  individual  farmers.  This  correspondence 
is  lightened  very  much  by  the  preparation  of  leaflets  and  brief 
circulars  that  are  used  in  many  instances  to  answer  inquiries  more 
fully  than  would  be  possible  through  correspondence. 

A  PROPOSED  AFFILIATION  BETWEEN  THE  NEW  YORK  STATE  COLLBGS 
OF  AORICULTTTRE  AND  THE  NEW  YORK  AGRICULTURAL 

EXPERIMENT  STATION. 

The  interests  and  work  of  the  State  College  of  Agriculture,  at 
Ithaca,  and  the  State  Experiment  Station,  at  Geneva,  have  much 
in  conmion.  While  the  Experiment  Station  has  a  single  function, 
that  of  investigation,  the  College  of  Agriculture  combines  with  its 
teaching  function  scientific  inquiry  into  agricultural  problems. 
There  has  existed  for  many  years  a  harmonious  relation  between 
these  institutions,  and  it  is  believed  that  there  has  been  by  them 
no  unnecessary  duplication  of  effort  along  investigational  lines. 
Notwithstanding  all  this,  members  of  the  staff  of  both  institutions 
have  come  to  feel  that  it  will  be  well  to  establish  a  closer  and  more 
definite  relation  between  the  two. 

There  are  two  reasons  for  this  point  of  view:  (1)  Both  institutions 
are  working  in  the  interests  of  agricultural  practice  throu^  investi- 
gation, and  it  is  believed  that  greater  momentum  and  efficiency  may 
be  secured  throu^  cooperative  effort.  (2)  There  are  along  certain 
lines  unusual  opportunities  for  graduate  work  at  the  Station  which 
should  be  open  to  members  of  the  College  staff  and  the  graduate 
students  resident  at  the  College,  and,  on  the  other  hand,  members 
of  the  Experiment  Station  staff  often  desire  to  pursue  graduate 
work  at  the  Collie  either  in  the  study  of  some  problem  or  with 
a  view  to  securing  an  advanced  degree.  It  is  believed  that  the  plan 
of  affiliation  herein  set  forth  will  make  it  possible  for  members  <3i 
the  Station  staff  to  receive  credit  toward  an  advanced  degree  for 
non-resident  work  done  at  the  Station. 

The  following  plan  of  affiliation  has  been  proposed,  and  it  la 
presented  here  for  discussion  before  your  Board  and  for  the  con- 
sideration of  all  who  are  interested  in  the  welfare  of  the  institutions 
that  it  is  proposed  to  affiliate: 
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1.  The  autonomy  of  each  institution  shall  be  maintained  through 
a  mutual  agreement  between  the  New  York  Agricultural  Experiment 
Station  and  the  New  York  State  College  of  Agriculture  on  a  program 
of  work. 

2.  Greater  unity  of  purpose  in  research  work  will  be  secured 
by  relieving  the  New  York  Agricultural  Experiment  Station  of 
extaision  activities  so  far  as  practicable. 

3.  A  sdected  list  of  the  scientific  staff  of  the  New  York  Agricul- 
tural Experiment  Station  shall  be  members  of  the  faculty  of  the 
New  York  State  CoU^e  of  Agriculture  as  agreed  upon  by  the 
Director  of  the  New  York  Agricultural  Experiment  Station  and 
the  Dean  of  the  New  York  State  College  of  Agriculture. 

4.  A  selected  list  of  the  faculty  of  the  New  York  State  College 
of  Agriculture  shall  be  members  of  the  scientific  staff  of  the  New 
York  Agricultural  Experiment  Station  as  agreed  upon  by  the  Dean 
of  the  New  York  State  Collie  of  Agriculture  and  the  Director  of 
the  New  York  Agricultural  Experiment  Station. 

5.  There  may  be  mutual  agreement  between  the  New  York 
Agricultural  Experiment  Station  and  the  New  York  State  College 
of  Agriculture  as  to  budgets  and  funds  for  joint  research  projects 
in  both  institutions. 

6.  There  shall  be  joint  agreement  as  to  form  of  statement  of 
affiliation  to  go  on  all  publications  of  joint  research. 

7.  There  shall  be  joint  agreement  as  to  the  proper  method  of 
publication  of  joint  research. 

INSPECTION  WOBK. 

The  number  of  samples  of  fertilizers  and  feeding  stuffs  forwarded 
to  the  Station  by  the  Commissioner  of  Agriculture  for  analysis  in 
compliance  with  the  requirements  of  the  law  was  about  the  same 
for  1915  as  for  1914.  The  same  is  true  of  the  samples  of  agricultural 
seeds.  There  has  been  quite  a  material  increase  in  the  number  of 
pieces  of  Babcock-test  glassware  examined.  Following  is  a  state- 
ment of  the  work  performed  along  these  various  lines  during  the 
year  1915: 


Fertiliien 868  aami^i 

Feeding  etuffe 868        * 

Agricultural  seeds  (official) 323 

Agricottunl  seeds  (from  private  iMirties) 777 


a 
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Babcock-test  glassware: 

Milkbottlfifl. 23,007 

Cream  bottke ^ 4,396 

Pipettes  and' acid  measuzeB 4,696 

Total 32,189 


Relative  to  the  seeds,  it  is  worthy  of  note  that  the  percentage 
of  violations  of  the  law,  that  is,  samples  containing  over  3  per  ct. 
of  foreign  seed  without  being  so  labeled  when  exposed  to  sale,  has 
been  steadily  falling  off  during  the  past  four  years.  The  violations 
for  these  years  were  as  follows: 

1912 20.8  per  ct. 

1913 17.5  "  " 

1914 10.9  "  " 

1915 4.6  "  " 


experimental  work  outside  of  the  station  laboratories  and 

GROUNDS. 

The  Station  is .  continuing  its  special  work  touching  the  grape 
industry  both  in  Chautauqua  and  Steuben  Counties.  The  experi- 
mental hop  and  tobacco  fields  are  also  being  maintained.  In 
connection  with  each  division  of  work  may  be  seen  a  list  of  the 
experiments  now  being  conducted  in  various  parts  of  the  State. 
This  shows  that  21  problems  are  being  considered  through  the 
cooperation  of  68  farmers  on  as  many  farms  in  various  parts  of  the 
State.  The  officers  of  the  Station  desire  to  express  their  high  appre- 
ciation of  the  opportunities  thus  given  for  experimental  work  and 
of  the  hearty  and  efficient  cooperation  of  those  on  whose  farms 
we  are  conducting  these  experiments. 

INVESTIGATION. 

AQRONOlfY  DIVISION. 

The  significance  of  the  term  "  agronomy  "  may  be  expressed  in 
the  phrase  "  the  production  of  crops."  Considered  broadly,  the 
production  of  crops  includes  practically  eveiy  activity  of  every 
division  of  the  Station  staff,  chemical,  biological  and  technical, 
because  every  division  of  the  Station  staff  relates  itself  in  one  way 
or  another  to  crop  production    A  naarower  definition  of  the  function 
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of  the  Agronomy  Division  would  be  that  it  relates  itself  to  the 
maintenance  of  soil  fertility  through  soil  improvement  and  modi- 
fication whether  by  means  of  culture  or  soil  amendments  in  the 
shape  of  various  forms  of  fertilizers.  It  very  properly  also  relates 
itself  to  the  improvement  of  the  type  of  crops  grown  and  the  adjust- 
ment of  those  crops  to  localities.  An  Agronomist,  however,  must 
be  looked  at  much  as  the  obsolete  Professor  of  Agriculture.  He 
cannot  make  his  field  as  comprehensive  as  is  the  whole  scope  of 
crop  production,  but  the  study  of  biological  and  crop-breeding 
problems  must  necessarily  be  assigned  to  separate  and  special 
divisions  of  effort. 

The  efforts  of  the  Agronomy  Department  of  this  institution  have 
been  so  far  along  three  general  lines:  (1)  Special  laboratory  investi- 
gations concerning  methods  of  analysis  and  composition  of  certain 
materials.  (2)  Investigations  under  close  control  of  certain  pro- 
duction probl^us,  such  as  can  be  carried  out  by  means  of  lysimeters, 
forcing  house  experiments  and  pot  experiments  in  the  open  air. 
(3)  Field  experiments  relative  to  soil  amendment  and  the  use  of 
fertilizers. 

Much  work  has  been  accomplished  along  several  lines,  the  data 
from  which  are  not  sufficiently  comprehensive  or  extended  for  publi- 
cation. Two  bulletins  have  been  published  during  1914,  both  of 
which  relate  to  the  sources,  composition  and  use  of  limestone  as  a 
means  of  soil  amendment. 

Bulletin  400  takes  up  the  question  of  ground  limestone  as  related 
to  its  practical  use  in  this  State.  Chemical  anal3r8es  are  given 
showing  the  composition  of  representative  samples  of  ground  lime- 
stone from  each  of  twenty-nine  quarries  in  this  State  producing 
that  material  during  1914;  also  samples  from  six  quarries  in  adjoining 
states  shipping  into  New  York.  The  statements  of  analyses  show 
percentages  of  calcium  carbonate,  magnesium  carbonate,  total 
carbonates  and  calcium  carbonate  equivalent.  Figures  for  the 
latter  represent  the  total  carbonate  carbon  calculated  to  calcium 
carbonate,  and  this  gives  a  basis  for  comparison  of  the  acid-neutral- 
izing value  of  different  stones.  The  figures  for  calcium  and  mag- 
nesium carbonates  represent  the  actual  amounts  of  those  compounds 
contained  in  the  stone,  and  are  not  obtained  by  calculating  the 
total  calcium  and  magnesium  to  carbonates  as  is  the  usual  method. 

The  opinion  is  expressed  in  this  bulletin  that  at  least  three- 
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fourths  of  the  f ami  land  in  New  York  is  in  need  of  liming.  It  is 
clearly  not  possible  at  present  to  draw  any  sharp  limits  as  to  the 
percentage  of  land  which  does  or  does  not  need  liming,  but  it  is  very 
evident  that  large  areas  are  improved  for  crop  production  through 
the  use  of  some  form  of  lime. 

It  is  held  in  this  bulletin  that  generally  ground  limestone  is  to 
be  preferred  to  the  burned  lime,  doubtless  because  the  ground  lime- 
stone is  less  expensive  in  most  localities,  and  is  a  more  comfortable 
material  to  apply  to  the  land.  It  should  be  conceded,  however,  tliat 
there  may  be  conditions  under  which  the  burned  lime  would  be  the 
more  desirable  means  of  soil  amendment.  As  to  the  relative  eflFec- 
tiveness  of  the  two  forms,  no  data  have  been  published  from  investi- 
gations or  experiments  conducted  in  New  York  which  justify  a 
final  conclusion. 

The  question  of  the  relative  effectiveness  of  very  finely  ground 
limestone  as  compared  with  that  all  of  which  would  pass  throu^ 
a  10-mesh  sieve  has  been  much  discussed,  and  the  issue  involved 
has  not  been  clearly  set  forth.  Because  it  is  held  that  it  is  not 
wise  to  require  limestone  to  be  ground  to  a  greater  fineness  than  will 
permit  it  to  pass  wholly  through  a  lO-mesh  sieve,  it  is  not  inferred 
that  the  very  fine  material  is  not  more  immediately  efficient  than 
the  coarser  material.  Indeed,  it  would  not  be  rational  to  make 
this  claim.  It  is  held,  however,  in  the  bulletin  in  question,  that 
where  a  large  quantity  of  limestone  is  applied  there  is  a  sufficient 
percentage  of  very  fine  material  for  immediate  effect  if  the  whole 
material  will  pass  through  a  lO-mesh  sieve,  the  coarser  material 
becoming  available  in  the  course  of  time.  It  is  desirable  that  the 
confusion  in  the  question  at  issue  should  no  longer  exist. 

Technical  Bulletin  No.  47  presents  a  study  of  the  limestone 
deposits  of  the  State  of  New  York  with  reference  to  their  agricultural 
value.  This  study,  which  is  based  upon  previous  geological  reports 
and  upon  field  work  carried  on  by  the  Station  during  two  seasons, 
is  chiefly  valuable  to  those  who  wish  to  develop  lime  quarries  for 
agricultural  use  rather  than  to  the  fanner,  although  it  is  desirable 
that  the  industry  of  grinding  limestone  shall  be  developed  to  such 
an  extent  as  to  make  this  material  generally  available  throughout 
the  State  at  reasonable  prices.  Forty-nine  distinct  limestone 
formations  are  briefly  described  and  their  chemical  composition  is 
given  in  numerous  tables  of  analyses.    A  map  accompanying  the 
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balletm  shows  the  extent  of  all  the  important  limestone  outcrops 
within  the  State.  Two  large  charts  representing  stratigraphic 
oohunns,  one  for  the  eastern  and  one  for  the  western  half  of  the 
State,  show  the  geologic  relation  of  these  limestones  to  other  rock 
fonnatioiis,  and  also  repres^it  to  scale  the  thickness  of  the  lime- 
stones in  different  sections  of  the  State.  Eleven  photographs  show 
typical  sections  and  characteristic  features  of  some  of  the  more 
important  limestones.  Under  the  heading  '^  Types  of  Limestone  " 
are  discussed  high  calcium,  magnesium,  dolomitic  and  hydraulic 
limestones,  and  also  marble.  The  subject  of  origin  of  limestone 
18  lefenred  to  very  briefly. 

A  popular  treatise  known  as  Circular  39  has  been  issued,  which 
deals  Willi  the  production  of  alfalfa  on  land  not  natiu*ally  adapted 
to  that  crop.  This  circular  is  intended  as  a  means  of  answering 
inquirieB  rather  than  for  general  distribution  as  is  the  case  with  our 
buDetiiis.  This  circular  points  out  that  the  greatest  problem  con- 
nected with  the  growing  of  alfalfa  in  New  York  State  is  its  successful 
production  on  land  to  which  it  is  not  naturally  adapted,  since  such 
lands  comprise  perhaps  three-fourths  of  the  farm  land  of  the  State. 
Hie  difficulties  to  be  overcome  in  preparing  these  lands  for  alfalfa 
vary  greatly  in  number  and  extent.  A  liberal  appUcation  of  lime^ 
stone  is  of  course  one  of  the  chief  essentials,  and  the  amount  needed 
varies  with  different  soils  all  the  way  from  one  to  ten  tons  per  acre. 
Tlie  circular  also  discusses  the  questions  of  seed-bed,  fertilizers, 
inoculation,  time  of  seeding,  cutting  and  curing  alfalfa.  Brief 
reference  is  made  to  some  experiments  being  conducted  by  this  Sta- 
tion in  the  growing  of  this  crop  on  some  of  the  poorer  lands  of 
the  State. 

There  follows  a  list  of  the  localities  and  other  data  concerning 
fidd  work  performed  by  the  Station  outside  of  the  Station  farms. 
So  far  as  this  work  relates  to  alfalfa  culture  it  is  supplemental 
to  a  large  amoimt  of  work  performed  by  the  Station  several  years 
ago  under  the  direction  of  tiie  Bacteriological  Division.  It  should 
be  clearly  held  in  mind  that  this  outside  field  work  relating  to  alfalfa 
culture  borders  closely  on  demonstration  work,  which  properly  falls 
in  what  is  known  as  extension  teaching,  and  it  is  hoped  that  as  the 
effort  at  extension  teaching  develops  in  this  State  it  will  be  necessary 
for  the  Station  to  devote  less  time  and  energy  to  this  kind  of  effort 
so  that  it  win  be  possible  to  enter  more  extensively  into  the  severer 
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investigations,  only  through  which  will  the  fundamentals  of  agricul- 
tural practice  be  worked  out.  The  experiments  relative  to  the 
maintenance  of  the  fertility  of  orchards  are  conducted  in  cooperation 
with  the  Horticultural  Division.  Interest  in  these  experiments  is 
intensified  by  the  fact  that  certain  past  utterances  of  the  Station 
concerning  orchard  fertilization  have  been  much  criticised.  It  is 
desired  to  secure  extended  data  on  the  profitableness  of  using  com* 
mercial  fertilizers  in  orchards. 


Alfalfa  culture  on  eouihem  New  York  hill  lands: 


Apple  orduffds:     Fertiliier,    cultivation    and 

oover-crop  tefta: 


Oherry  orchard: 
Peach  orchard: 

Pear  orchard: 

\^eyard0:  Fertiliaer  and  deep-plowing  teeia: 
Tobacco-culture  experiments : 


Hop-culture  experiments: 


L.  Gallager  (}  acre),  Oxford. 

C.  G.  Baker  (1  acre),  Chenango 
Forks. 

H.  G.  Skinner,  Jr.  (1  acre),  Ptatto- 
buig. 

A.  S.  Mathemy  (}  acre),  Bini^iam- 
ton. 

L.  W.  Rorapaugh  (i  acre),  Cort- 
land. 

H.  W.  Cornell  (h  acre),  Ehnira. 

F.  A.  Wigsten  (}  acre),  Ehnira. 

F.  D.  Sweiey  (t  acre),  Sherman. 

J.  S.  Games  (4  acre),  Great  Valley. 

F.  C.  Gibbs  Ci  acre).  Fillmore. 

H.  B.  Adams  (}  acre),  Wellsville. 

Gen.  Lyon  (}  acre),  Binghamton. 

L.  E.  Hooker  (i  acre),  PortviUe. 

F.  D.  Rice  (i  acre).  Homer. 

W.  P.  Mead  A  Son  (4  acreB), 
Jamestown. 

B.  L.  Winters  (4  acres),  Smithboro. 
A.  R.  Chappel  (2  acres),  Sidney. 
W.  N.  Tarbell  (1  acre),  East  Free- 
town. 

Great  Bear  Springs  Co.  (8  acres), 

Fulton. 
R.  B.  Densmore  (8  acres),  Albion. 
P.  F.  O'Ndl  (3  acres),  Geneva. 
T.  H.  King  (8|  acres),  Trumans- 

burg. 
L.  L.  Momll  (4  acres),  Kinderhook. 
Lavrrenoe  Howard  (3  acres),  Bjn- 

derhook. 
S.  E.  Stone,  Jr.  (4  acres),  Fredonia. 

D.  W.  Blood  (2  acres),  Dunkirk. 
F.  A.  Tuerk  (12  acres),  Baldwina- 

ville. 
B  .  I.  Crego,  BaldwinsviUe. 
P.  R.  Bannett  (6  acres),  Milford. 


BACTBBIOLOOIGAL  DIVISION. 


This  division  has  given  attention  during  the  past  year  chiefly 
to  questions  directly  related  to  stable  and  milk  sanitation  and  to  a 
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study  of  soil  organisms.  A  discussion  of  the  data  already  secured 
will  soon  be  issued. 

Investigations  of  bam  and  milk  sanitation  have  centered  around 
four  general  problems:  (1)  The  influence  of  the  various  factors  in- 
cluded in  bam  conditions  upon  the  bacteriological  quality  of  nulk. 
(2)  The  relation  of  existing  score  cards  that  have  heretofore  been 
used  as  a  basis  of  grading  milk  to  the  actual  bacteriological  quality 
of  the  milk.  (3)  The  application  of  a  new  microscopical  method  of 
grading  milk.  (4)  The  prevention  of  the  spread  of  tuberculosis  through 
the  distribution  of  dairy  wastes  from  butter  and  cheese  factories. 

(1).  The  infivence  of  the  varums  factors  included  in  bam  condilians 
upon  the  baderiologicdl  quality  of  milk. — ^The  earlier  production  of 
certified  milk  or  of  milk  of  a  high  sanitary  quality  by  the  methods 
then  in  use  was  very  expensive,  and  only  the  well-to-do  could  afford 
to  use  such  milk.  The  question  was  very  early  raised  by  members 
of  the  Station  staff  whether  entirely  healthful  milk  could  not  be 
produced  at  a  much  less  cost.  In  order  to  determine  whether  this 
was  so  or  not,  it  became  necessary  to  make  an  extended  study  of 
the  influence  of  the  various  factors  reacting  upon  the  milk  before 
leaving  the  stable  as  well  as  the  factors  influencing  the  sanitary 
quality  after  the  milk  was  on  its  way  to  the  consumer.  Certain 
of  the  results  that  have  been  secured  have  been  published  in  previous 
bulletins.  Additional  data  are  given  in  Bulletin  No.  409.  This 
bulletin  deals  almost  entirely  with  the  influence  of  the  dust  in  the 
bam  air,  which  has  been  thought  to  have  a  large  influence  in  causing 
the  initial  contamination  of  milk. 

The  bacterial  study  of  the  contents  of  stable  air  proved  to  have 
many  difficulties  and  a  large  amount  of  time  was  consumed  in  an 
extended  study  of  the  various  technical  methods  which  have  been 
suggested  for  determining  the  number  of  bacteria  in  the  air.  The 
results  of  this  technical  study  have  been  issued  in  the  form  of  a 
technical  bulletin  which  was  pneviously  published  in  Vol.  4  of  the 
Journal  of  Agricultural  Researm,  The  conclusions  drawn  from  the 
completed  work  may  be  briefly  stated  by  saying  that  the  number 
of  bacteria  in  milk  derived  from  the  dust  of  the  air  of  ordinary 
stables  is  too  small  to  be  measured  even  by  the  most  refined  methods 
of  counting  bacteria  in  milk.  By  using  an  indirect  method  of 
measurement,  the  numbers  of  bacteria  thus  added  to  milk  were 
found  to  vary  between  1  and  73  per  cubic  centimeter  in  the  Station 
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stable.  A  study  of  three  dairies  in  the  vicinity  showed  that  the 
conditions  present  in  these  stables  were  similar  to  those  in  the 
Station  stable.  Even  milking  under  conditions  so  dusty  that  they 
would  not  be  tolerated  in  any  stable  did  not  increase  the  number 
of.  bacteria  more  than  several  hundred  per  cubic  centimeter. 

The  Station  does  not  desire  to  teach  that  it  is  not  undesirable 
to  have  a  dusty  bam  air  where  cows  are  being  milked,  but  simply 
wishes  to  point  out  the  facts.  As  has  been  previously  stated  in 
other  publications,  if  the  dairy  farmer  is  to  produce  sanitary  milk 
in  the  most  economical  way  it  is  necessary  for  him  to  know  what 
factors  are  most  influential  in  producing  an  unsanitary  condition 
of  the  milk.  He  must  know  where  the  greatest  amount  of  care  is 
needed  in  order  to  avoid  bad  results. 

(2).  The  reUxtian  of  existing  score  cards  that  have  heretofore  been 
used  as  a  basis  of  grading  milk  to  the  actual  bacteriological  quality 
of  the  milk. — ^An  extended  investigation  has  been  carried  on  along 
this  line,  the  results  of  which  are  given  in  Bulletin  No.  398.  The 
method  followed  was  to  score  a  number  of  dairy  farms  in  accordance 
with  three  of  the  commonly  used  dairy  score  cards  and  at  the  same 
time  make  a  study  of  the  bacterial  content  of  the  milk.  Thirty-four 
dairy  farms  were  studied  in  this  way,  using  the  Cornell  score  card, 
the  New  York  City  Board  of  Health  score  card  and  the  Oflicial 
Dairy  Instructors'  score  card.  In  general,  the  New  York  City  card 
was  found  to  be  the  most  severe  and  the  Cornell  card  the  most 
lenient.  The  data  secured  for  the  comparison  between  the  dairy 
scores  were  especially  valuable,  for  no  previous  work  of  this  kind 
had  been  done  with  the  bacterial  count  in  the  district  studied  while 
much  emphasis  had  been  placed  upon  the  securing  of  high  scores. 
The  results  of  the  comparison  showed  no  relationship  whatever 
between  the  dairy  scores  and  the  bacterial  count.  In  fact  the 
lowest  count  milk  was  brought  in  from  a  farm  scoring  so  low  that 
its  product  would  have  been  refused  admission  to  the  New  York 
city  market.  On  the  other  hand,  the  dairy  which  received  the 
highest  score  on  all  of  the  cards,  a  dairy  which  in  appearance  and 
equipment  would  be  placed  among  the  best  dairies  in  the  State, 
was  bringing  in  milk  which  invariably  had  a  bacterial  count  in  the 
millions.  The  conclusion  drawn  was  not  that  dairy  score  cards  are 
a  failure,  but  that  the  present  cards  are  not  satisfactory  measures 
of  the  quality  of  milk. 
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In  displaying  the  facts  as  the  Station  found  them,  the  intention 
is  not  to  encourage  dirty  and  careless  stable  conditions,  but  to 
point  out  the  necessity  of  scoring  the  milk  as  it  actually  is  rather 
than  scoring  the  place  from  which  the  milk  comes.  Filthy  bam 
conditions  are  very  undesirable,  because  in  the  midst  of  filth  it  is 
not  as  easy  to  control  those  factors  which  have  the  most  immediate 
relation  to  the  condition  in  which  the  milk  leaves  the  stable.  It 
is  dear,  however,  that  when  certain  factors,  particularly  the 
cleanliness  of  the  animal,  of  the  num  and  especially  of  the  milk 
utensils,  are  carefully  looked  after,  certain  other  conditions  have 
comparatively  small  influence  upon  the  bacterial  content  of  the 
milk. 

(3).  The  application  of  a  new  microacopical  method  of  gradifig 
mUk. — ^In  the  report  of  the  Director  for  the  year  1914,  attention 
was  called  to  a  new  method  for  counting  the  bacteria  of  milk,  which 
appeared  to  have  great  promise  as  a  rapid  and  efficient  method  of 
grading  milk  on  the  basis  of  the  bacteria  present.  The  method 
seems  to  be  justifying  itself,  and  it  now  appears  that  it  is  likely  to 
be  adopted  as  a  means  of  grading  the  milk  entering  our  cities,  both 
by  city  officials  and  by  private  milk  companies. 

(4).  Tlie  prevention  of  the  spread  of  tvberculoeis  through  the  dis- 
tribution  of  dairy  vxuies  from  butter  and  cheese  factories, — ^Dairy 
wastes  have  been  proven,  in  Wisconsin,  a  prominent  source  of  the 
spread  of  tuberculosis  among  bovines  and  swine.  If  a  single  patron 
ol  a  butter  factory  has  in  his  herd  badly  infected  cows,  such  as  are 
known  as  spreaders,  the  skim  milk  is  likely  to  contain  the  germs  of 
tuberculosis  and  through  a  general  distribution  of  such  milk  to  the 
patrons  of  the  factory  to  be  fed  to  calves  and  swine  many  animals, 
distributed  over  a  wide  area,  may  become  infected. 

The  remedy  su^ested  for  such  a  spread  of  disease  is  the  pasteuri- 
zation of  the  dairy  wastes.  It  is  probable  that  the  more  important 
source  of  infection  is  the  skim  milk  as  it  does  not  seem  likely  that 
the  whey,  after  the  milk  has  passed  through  the  fermentation  process 
and  the  curd  has  been  removed,  is  as  liable  to  contain  the  disease 
germs  as  is  the  skim  milk  where  no  fermentation  has  occurred  and 
where  only  the  cream  has  been  removed.  It  has  been  proposed 
that  a  law  be  enacted  in  New  York  requiring  all  butter  and  cheese 
factories  to  pasteurize  the  skim  milk  and  whey.  As  preliminary 
to  the  discussion  of  such  a  law  a  conmiission  i^pointed  for  the 
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purpose  of  studying  the  whole  question  of  bovine  tuberculosis 
decided  that  it  was  wise  to  make  something  of  a  study  of  the  efficiency 
of  the  pasteurization  methods  now  in  use  in  various  factories  in 
the  State.  This  Commission  asked  for  the  cooperation  of  the 
Station  in  making  such  a  study,  a  cooperation  into  which  the  Station 
was  very  glad  to  enter.  The  plan  adopted  was  the  securing  of 
samples  of  the  pasteurized  dairy  wastes  from  a  number  of  milk  and 
cheese  factories  that  had  entered  upon  the  pasteurization  of  their 
wastes,  these  samples  to  be  studied  with  reference  to  the  efficiency 
of  the  methods  employed.  The  information  thus  secured  has  been 
published  in  Bulletin  412.  The  most  important  new  observations 
made  in  the  course  of  this  work  were  concerning  the  distribution 
and  activities  of  the  long  rod,  lactic-acid  bacteria  commonly  known 
under  the  name  of  BacHhis  bulgaricus.  Recent  investigations  had 
shown  this  to  be  a  widely  distributed  organism  present  in  all  milk 
and  one  which  was  intimately  concerned  in  the  ripening  of  cheddar 
and  Swiss  cheese.  This  investigation  of  dairy  by-products  has 
shown  it  to  be  the  common  organism  concerned  in  the  souring  of 
both  pasteurized  and  unpasteurized  whey.  The  fermentation  in 
the  heated  whey  was  due  primarily  to  this  organism  while  that 
in  unheated  whey  was  due  not  only  to  B.  bvigaricua  but  also  to 
yeasts  and  a  variety  of  other  organisms.  Four  of  the  seven  cheddar 
cheese  factories  visited  were  found  to  be  securing  an  efficient  pasteuri- 
zation of  the  whey  returned  to  the  farmers.  The  others  were 
securing  inefficient  results  because  of  the  low  temperatures  used  or 
because  separator  slops  and  washings  were  added  to  the  whey  after 
it  was  too  cool  to  kill  the  bacteria  added.  One  of  the  two  skimming 
stations  visited  was  securing  efficient  results  but  was  using  an  im- 
necessarily  expensive  method  of  pasteurizing  the  skim  milk. 

Cooperative  studies. —  Considerable  cooperative  work  has  been 
entered  into  for  the  purpose  of  adjusting  certain  Station  results, 
particularly  the  new  method  of  counting  bacteria,  to  commercial 
relations  and  use.  To  this  end  the  Station  has  joined  with  other 
laboratories  in  making  tests  of  the  new  method  of  counting  bacteria 
as  a  means  of  grading  milk.  The  cooperating  laboratories  are 
mentioned  below. 

There  has  also  been  cooperation  in  the  study  of  score  cards  with 
reference  to  the  adoption  of  a  revised  form  more  nearly  in  accord 
with  exiBting  knowledge. 
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The  Station  is  also  joining  with  the  Illinois  Agricultural  Experi- 
ment Station  in  8tud3ring  the  sources  of  the  contamination  of  milk. 
Below  may  be  seen  a  list  of  all  these  cooperative  studies. 

Methods  of  oontrolUng  the  sanitary  quality  of  market  milk,  White 

Springs  Farm  Dairy  Co Geneva. 

Methods  oi  oontrolhiig  the  sanitary  quality  of  market  milk,  Geneva 

Milk  Co Geneva. 

Pasteurisation  of  whey H.  S.  Sweetiand So.  Dayton. 

Geo.  E.  Hogue Arcade. 

Gibby  A  Evans Cattaraugus. 

F.  X.  Baumert  A  Co Antwerp. 

Pasteurisation  of  skim  milk..    Dana  H.  WeDs Fayetteville. 

Sheffield  Farms,  Slawson,  Decker  Co. . .     Hobart. 
Methods  of  counting  bacteria 

in  milk Work  done  under  the  supervision  of 

Prof.  H.  W.  Conn,  Middletown, 
Conn.,  with  the  New  York  City 
Board  of  Health  Laboratory,  Bor- 
den's Laboratory,  Lederle  Labora- 
tory and  North's  Laboratory N.  Y.  City. 

Methods  of  counting  bacteria 
in  milk Cornell  Agricultural  Experiment  Sta- 
tion, D^Murtment  of  Dairy  Bacteri- 
ology      Ithaca. 

Sources  of  contamination  of 
milk  on  the  farm Illinois  Agricultural  Experiment  Sta- 
tion       Urbana,  lU. 

BOTANICAL  DIVISION. 

This  division  of  the  Station  staff  confines  its  efforts  almost  wholly 
to  the  study  of  plant  diseases  and  the  means  of  preventing  their 
ravages.  It  is  too  much  to  claim  that  the  work  of  the  Station  along 
this  line  adequately  meets  the  situation.  Fungus  troubles  are 
many  in  kind  and  an  investigation  of  their  nature  and  life  history 
together  with  a  study  of  the  means  of  minimizing  their  destructive 
influence  often  requires  a  long-continued  period  of  the  closest  study. 
The  Station  resources  do  not  permit  of  the  canying  on  of  very  many 
studies  of  this  nature  at  the  same  time. 

The  publications  of  the  Botanical  Division  for  the  year  1915  relate 
to  the  following: 

The  powdery  mildew  of  hops. 

The  spindling-sprout  disease  of  potatoes. 

A  comparison  of  the  lime-sulphur  solution  with  bordeaux  mixture 
as  a  spray  for  potatoes. 

A  test  of  the  comparison  of  very  thorough  spraying  with  ordinary 
8pra3ring  or  ¥dth  no  spraying  at  all. 

An  investigation  of  the  stem  rot  and  leaf  spot  of  clematis. 
2 
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The  powdery  mildew  of  hops. —  As  previously  stated,  the  work  on 
the  powdery  mildew  of  hops  as  a  subject  of  investigation  has  been 
discontinued.  It  is  believed  that  there  has  been  pointed  out  to 
hop  growers  a  reasonably  efficient  method  of  controlling  this  fungous 
pest.  The  following  is  a  brief,  general  statement  of  the  results 
reached  as  given  in  Bulletin  No.  395: 

It  was  found  that  fresh  mildew  spots  appear  about  ten  days  after 
each  rain.  This  indicates  that  infection  occurs  during  periods  of 
wet  weather  and  points  to  the  advisabiUty  of  applying  sulphur 
as  soon  as  possible  after  such  periods. 

In  comparative  tests  of  different  kinds  of  sulphur  with  respect 
to  their  efficiency  in  the  control  of  mildew  it  was  found  that  with 
unfavorable  weather  conditions,  such  as  prevailed  in  1914,  flour 
sulphur  was  considerably  more  efficient  than  flowers  of  sulphur; 
while  in  the  drier  seasons  of  1912  and  1913  both  kinds  gave  nearly 
perfect  control  even  in  severe  attacks  of  mildew.  Extremely  fine 
flour  sulphur  is  difficult  to  apply.  Coarse  flour  sulphur  should  be 
avoided.  Flour  sulphur  of  a  medium  degree  of  fineness  is  the  most 
satisfactory.  Pure  sulphur  gives  better  results  than  mixtures  of 
sulphur  and  lime. 

By  the  use  of  the  sulphur  dust  treatment  mildew  may  be  con- 
trolled at  an  expense  of  about  eight  dollars  per  acre. 

The  spindling-sprout  disease  of  potatoes. —  Potato  growers  have 
probably  noticed  for  many  years  that  there  occasionally  appears 
a  hill  of  potatoes  exhibiting  very  small,  weak  plants  with  slender 
stems.  This  condition  was  particularly  noticeable  on  Long  Island 
in  the  spring  of  1914  where  the  potato  fields  planted  with  home- 
grown seed  were  quite  generally  in  poor  condition,  showing  a  very 
uneven  stand  of  plants.  Investigation  has  shown  that  this  condition 
was  due  to  using  for  seed,  tubers  which  produced  slender  thread-Uke 
sprouts.  Why  such  tubers  exist  is  not  thoroughly  understood,  but 
there  are  reasons  for  believing  that  in  the  case  mentioned  the  cause 
was  the  heat  and  drought  in  the  season  of  1913.  Tubers  from  which 
such  weak  plants  develop  are  unfit  for  seed  and  about  the  only 
suggestion  that  can  be  made  at  present  is  that  Long  Island  potato 
growers  when  they  use  home-grown  seed  should  make  a  sprouting 
test  of  their  seed  potatoes. 

A  comparison  of  the  lime-sulphur  soltUion  with  the  bordeaux  mixture 
as  a  spray  for  potatoes. —  It  does  not  follow  that,  because  a  given 
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fungicide  is  safe  and  effective  with  one  plant,  it  can  be  used 
with  equally  good  results  on  all  other  plants.  The  lime-sulphur 
solution  has  proved  a  valuable  preventive  of  fungus  troubles  with 
the  apple.  Is  it  equally  effective  on  potato  plants?  Some  time  ago 
the  Station  entered  upon  a  comparison  of  this  solution  with  the 
bordeaux  mixture  which  had  been  used  for  potatoes  for  so  long  a 
time.  These  experiments  were  continued  in  1913  and  1914,  and  the 
results  published  in  Bulletin  397.  The  experiments  for  these  two 
years  give  essentially  the  same  results  as  experiments  previously 
reported.  They  show  that  lime-sulphur  is  harmful  rather  than  bene- 
ficial to  potatoes.  On  the  one  hand,  the  bordeaux  mixture  checked 
tip  bum,  caused  the  foliage  to  take  on  a  darker  green  color,  pro- 
longed the  growth  of  the  plants  and  increased  the  yield  of  tubers. 
On  the  other  hand,  the  lime-sulphur  solution  a^ravated  the  tip- 
bum,  dwarfed  the  plants,  shortened  the  period  of  growth  and  reduced 
the  yield  of  tubers.  It  should  be  stated  that  the  efficiency  of  the 
lime-sulphur  solution  as  a  preventive  of  late  blight  has  so  far  not 
been  tested  and  further  experiments  will  be  made  in  this  direction. 
A  test  of  the  comparison  of  very  thorough  spraying  with  ordinary 
spraying  or  wUh  no  spraying  at  oH. — There  were  carried  on  at  a  point 
not  greatly  distant  from  the  Station  in  both  1913  and  1914  tests  of 
the  value  to  the  potato  grower  of  thorough  spraying  as  against  a  neg- 
feet  of  the  potato  grower  in  this  particular.  These  tests  in  1914  were 
conducted  in  82  fields  where  a  small  area  was  very  thoroughly  sprayed 
by  hand  every  two  weeks.  At  the  time  of  dicing,  this  area  was 
compared  in  yield  with  an  adjacent  area  which  had  either  ordinary 
spraying  or  no  spraying  at  all.  In  56  of  these  fields  no  spraying 
was  done  by  the  owner,  and  the  comparison  here  was  between 
the  thorough  spraying  and  no  spraying.  In  the  other  26  fields,  more 
or  less  spraying  was  done  by  the  owner,  and  here  the  comparison 
was  made  between  the  very  thorough  spraying  and  the  kind  of  spray- 
ing done  by  the  owner.  In  the  56  fields  where  unsprayed  areas  were 
left  the  spraying  done  by  the  Station  increased  the  average  yield  by 
15.8  bushels  of  potatoes  per  acre,  or  8  per  ct.,  and  in  the  26  fields 
where  the  sprasring  was  of  the  ordinary  kind  the  increase  due  to 
the  more  thorough  work  was  13.7  bushels  of  potatoes  per  acre,  or 
5.5  per  ct.  The  season  of  1914  was  not  a  favorable  one  in  which 
to  make  tests  of  the  effectiveness  of  spra3ring  for  potato  diseases 
for  the  potato  foliage  was  r^narkably  free  from  disease  of  all  kinds. 
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Under  these  conditions  large  returns  from  spra3nng  could  not  be 
expected.  However,  the  absence  of  a  killing  frost  until  late  in 
October  lengthened  the  usual  period  of  growth  and  gave  the  bordeaux 
mixture  a  good  opportunity  to  exert  its  stimulating  influence.  It 
is  not  clear  why  the  gain  from  the  spraying  was  not  larger. 

An  inoestigation  of  the  stenHrot  and  leaf-spot  of  clematis. —  An 
investigation  of  these  conditions,  reported  in  Technical  Bulletin 
44,  has  shown  that  both  are  due  to  the  same  cause,  namely,  the  fungus 
Ascochyta  dematidina.  Stem-rot  has  been  produced  by  artificially 
inoculating  plants  with  myceUum  from  pure  cultures  of  the  fungus; 
and  leaf-spot  has  been  produced  by  spraying  plants  with  liquid 
containing  spores  of  the  fungus. 

Experiments  on  methods  of  control  have  demonstrated  the  impor- 
tance of  thorough  ventilation  and  the  prompt  removal  of  diseased 
parts  of  plants.  In  the  field,  the  spra3ring  of  plants  supported  by 
stakes  or  wires  is  of  doubtful  value;  but  unsupported  plants,  cuttings 
in  greenhouses,  and  young  plants  in  beds  may  be  protected  by 
spraying  them  with  a  mixture  containing  one  pound  of  laundry 
soap  and  six  pounds  of  sulphur  in  fifteen  gallons  of  water.  However, 
the  use  of  excessive  quantities  of  this  mixture  or  of  sulphur  dust  are 
to  be  avoided  since  the  accumulation  of  large  quantities  of  sulphur 
in  the  soil  may  seriously  injure  the  plants. 

Seed  inspection, —  The  Botanical  Division  has  in  charge  the  test- 
ing of  the  official  samples  of  seeds  sent  to  us  for  examination  by  the 
Department  of  Agriculture  and  also  the  testing  of  samples  sent  in 
to  us  by  farmers.  The  amount  and  results  of  this  work  have  been 
reported  under  the  head  of  "  Inspection." 

The  cooperative  experiments  of  this  Division  during  1916  has  been 
along  two  lines  only: 

Spindling-flprout  disease  of  potatoes:    F.  A.  Sirrine,  Riverhead. 

W.  S.  White,  Cadyville 
Control  of  bean  anthracnose:  B.  E.  Smalley,  Interlaken. 

CHEMICAL  DIVISION. 

The  majority  of  the  members  of  this  division  are  engaged  in 
the  routine  work  of  analyzing  samples  of  fertilizers,  feeds,  fimgi- 
cides  and  insecticides  sent  to  the  Station  by  the  Commissioner  of 
Agriculture  in  accordance  with  the  provisions  of  the  Inspection 
Laws.  A  statement  of  the  amount  of  work  thus  performed  is  included 
in  the  figures  previously  given  under  the  head  pf  ^'  Inspection." 
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Judging  from  the  number  of  requests  which  come  from  manufac- 
turers  and  dealers,  it  would  appear  that  an  impression  prevails  more 
or  lesB  that  it  is  the  duty  of  the  Station  to  analyze  samples  of  fer- 
tilizeis  and  feeding  stuffs  whenever  sent  in,  without  reference  to 
the  source.  It  should  be  clearly  understood  that  the  Station  cannot 
undertake  analyses  for  private  parties  unless  such  a  service  is  of 
g^ioal  benefit.  It  is  entirely  out  of  the  question  to  undertake  the 
work  of  the  manufacturers  and  the  standardizing  of  their  com- 
modities. Analyses  of  samples  sent  in  by  private  individuals  are 
pnicticany  alwa3rB  declined,  first,  because  the  materials  represented 
are  in  most  cases  inspected  by  the  Commissioner  of  Agricultiu'e 
and,  second,  because  the  samples  sent  are  not  taken  in  such  a  way 
as  to  insure  a  fair  representation  of  the  goods  sampled.  Whenever 
a  body  of  farmers  purchases  a  large  quantity  of  materials,  like  fer- 
tilizers and  cattle  foods,  on  a  contract,  with  a  given  guarantee  of 
composition,  the  Station  is  always  willing  to  undertake  an  analysis 
of  samples  but  must  insist  that  these  samples  be  taken  in  a  way 
that  will  insure  a  fair  representation  of  the  goods  sampled. 

Obstrvatians  on  milch  goats. —  During  the  past  few  years  the 
Station  has  maintained  a  herd  of  milch  goats  for  the  purpose  of 
studying  not  only  the  cost  of  maintenance  but  also  the  adaptability 
of  the  imlk  to  certain  uses.  The  most  striking  results  so  far  secured 
relate  to  the  feeding  of  goats'  milk  to  infants.  The  Station  has  had 
the  opportunity  of  supplying  this  milk  to  a  fairly  large  number  of 
very  young  children  who  were  in  serious  physical  condition,  due  to 
their  inability  to  properly  digest  and  assimilate  either  modified 
cow's  milk  or  any  of  the  commercial  infant's  foods  that  were  tried. 
In  nearly  all  cases  of  this  kind  the  physical  Condition  of  the  children 
has  been  built  up  and  satisfactory  growth  has  been  brought  about  by 
the  use  of  the  goat's  milk.  It  is  not  entirely  clear  why  this  milk  has 
proved  to  be  so  efficient  a  food  in  the  instances  under  observation. 
As  an  attonpt  to  secure  information  on  this  point,  the  milk  of  several 
eoats  has  been  subjected  to  a  very  exhaustive  chemical  examination. 
^HRne  very  marked  differences  between  goat's  milk  and  the  human 
and  cow's  milk  have  been  brought  out,  but  it  cannot  be  said,  however, 
that  we  at  present  know  whether  these  differences  are  an  explanation 
of  the  difference  in  nutritive  effect.  Following  is  a  brief  and  some- 
what technical  statement  of  the  differences  observed. 
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The  composition  of  goat's  milk. —  Analyses  were  made  of  several 
samples  of  milk  from  each  of  twelve  animals.  The  fat  varies  from 
1.8  to  8.4  per  ct.,  averaging  3.82  per  ct.;  the  total  solids,  from  9.22 
to  17.63,  averaging  12.12  per  ct.;  the  total  proteins,  from  2.24  to 
5.21,  averaging  3.21  per  ct.;  the  casein,  from  1.56  to  4.06,  averaging 
2.40  per  ct. ;  the  ash,  from  0.40  to  0.80,  averaging  0.55  per  ct. 

A  study  of  the  casein  of  goat's  milk  shows  that  it  is  exactly  like 
casein  of  cow's  milk  in  respect  to  the  nmnber  and  kinds  of  com- 
pounds it  forms  with  bases.  Sugar,  and  potassium,  sodium  and  chlo- 
rine compounds  are  in  solution.  Albumin,  inorganic  phosphates,  cal- 
cium, magnesium  and  citric  acid  compounds  are  partly  in  solution  and 
partly  in  suspension  or  colloidal  solution.  Fat  and  casein  are 
entirely  in  suspension  or  colloidal  solution.  The  real  acidity  of 
goat's  milk  is  less  than  that  of  cow's  milk. 

Comparing  goat's  milk  with  cow's  milk  and  human  milk,  in  respect 
to  their  salts,  goat's  milk  contains  tri-calcium  phosphate,  di-  and 
tri-magnesium  phosphates,  none  of  which  is  contained  in  cow's 
milk  or  human  milk.  It  contains  potassium  citrate  in  conmnon 
with  cow's  milk  and  human  milk,  though  in  larger  amounts,  but 
contains  no  sodium  citrate.  The  chlorine  in  goat's  milk  is  combined 
as  chloride  with  potassium,  sodium  and  calcium,  while  only  the 
calcium  chloride  is  present  in  cow's  nulk  and  human  milk.  Human 
milk  contains  only  soluble  phosphates,  while  the  other  milks  contain 
both  soluble  and  insoluble  phosphates. 

entomological  division. 

One  of  the  most  important  functions  of  the  Station  lies  in  aiding 
the  farmers  and  fruit  growers  of  the  State  to  defend  themselves 
against  various  insect  pests.  Few  persons  who  have  not  given 
the  subject  careful  consideration  appreciate  the  immense  loss 
occasioned  to  agriculture  by  the  depredations  of  insects,  and  like- 
wise we  can  hardly  overestimate  the  saving  which  has  been  made 
through  the  methods  of  prevention  of  such  depredations  worked  out 
by  Experiment  Stations.  If  science  had  not  come  to  the  rescue  when 
the  potato  beetle  began  its  advance  from  the  West  to  the  East  or 
if  there  had  not  been  a  prompt  study  of  the  means  of  control  the 
San  Jos6  scale  which  at  one  time  appeared  to  seriously  threaten 
the  apple  industry  of  New  York,  the  potato  growers  (tnd  apple  growers 
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would  have  had  little  encouragemeDt  in  their  business.    What  is 
true  of  these  two  pests  is  true  of  many  others. 

The  Entomological  Division  of  the  Station  gives  its  attention 
mainly  to  such  defense  work,  but  at  the  same  time  it  follows  the  wise 
policy  of  working  out  the  life  history  of  insects  and  studying  severely 
8ome  of  the  fimdamental  problems  that  relate  to  insect  life.  During 
1915  several  pubUcations  have  been  issued  dealing  with  the  problems 
of  economic  entomology. 

The  control  of  plant  lice  in  apple  orchards, —  One  of  the  most 
difficult  problems  confronting  fruit  growers  is  the  control  of  the 
aphides  or  plant  lice  that  are  injurious  to  apple  foliage  and  fruit. 
This  matter  has  been  the  subject  of  long-continued  study,  and  it 
must  be  said  that  so  far  we  are  not  able  to  suggest  any  entirely 
satisfactory  methods  of  controlling  this  pest.  Some  of  the  measures 
commonly  advocated  are  strikingly  at  variance  with  experience  and 
practice.  The  Station  experiments  have  shown  that  applications  of 
various  insecticides,  including  lime-sulphur  which  is  widely  recom- 
mended to  kiU  aphis  eggs,  are  of  doubtful  utility.  Spraying  when  the 
insects  appear  in  injurious  numbers  has  in  the  main  given  very  unsati^ 
factory  results  because  of  the  difficulty  of  reaching  appreciable  numbers 
of  the  insects.  Moreover,  if  the  treatment  is  too  long  delayed  the 
young  apples  are  liable  to  attack  and  to  receive  injuries  from  which 
there  is  no  recovery.  Attempts  to  destroy  fall  migrants  and  egg- 
la3ring  females  have  likewise  been  attended  with  unsatisfactory 
results  because  of  certain  practical  difficulties,  and  furthermore 
spraying  so  late  in  the  season  has  not  met  the  approval  of  com- 
mercial growers.  Bulletin  No.  402  contains  an  account  of  initial 
experiments  against  the  insects,  which  indicate  that  while  the 
problem  of  controlling  the  insects  is  a  difficult  one  the  most  impor- 
tant step  for  the  prevention  of  injuries  is  the  destruction  of  the  plant 
lice  on  the  expanding  buds. 

Tree  crickets, —  An  investigation  of  these  insects  was  undertaken 
in  order  to  ascertain  the  r61e  that  they  play  in  the  dissemination  of 
various  bark  disorders  of  fruit  trees.  During  this  investigation 
the  life  history  and  bionomics  of  several  species  of  tree  crickets 
were  given  careful  study.  While  many  of  the  technical  facts  brought 
out  do  not  now  appear  to  have  any  direct  relation  to  orchard  practice, 
it  was  established  that  this  form  of  insect  life  is  an  agent  in  the 
spread  of  bark  diseases  of  fruit  trees. 
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The  cherry  and  hawthorn  sawfly  leaf-miner, —  The  Station  entered 
upon  an  investigation  to  determine  the  cause  of  the  disorder  of  the 
foliage  of  the  English  Morello  cherry,  which  is  characterized  by 
light-colored  blister-like  areas  due  to  the  destruction  of  the  pulpy 
tissues.  Studies  by  this  Station  have  shown  that  this  injury  is 
caused  by  a  leaf-mining  insect  {Profenusa  coUaris  MacGilUvray). 
This  proves  to  be  a  new  orchard  pest  in  New  York  and  one  not  here- 
tofore recorded  as  injurious  to  fruit  plantings  in  this  country. 

The  adult  insect  is  a  small  sawfly  which  varies  from  one-eighth 
to  one-sixth  of  an  inch  in  length.  The  injury  to  foliage  by  this  species 
is  due  to  the  work  of  the  larvae  which  mine  the  leaves  and  destroy  the 
mesophyl  or  pulpy  tissues.  Frequently  the  entire  leaf  is  mined,  but 
usually  only  from  one-quarter  to  one-half  of  the  leaf  area  is  destroyed. 
The  leaves  that  are  most  seriously  afifected  shrivel  and  die,  and 
finally  drop  to  the  ground.  Besides  the  English  Morello  cherry  the 
pest  also  attacks  certain  species  of  Crataegus  and  may  greatly  reduce 
the  attractiveness  of  hawthorns  for  ornamental  purposes. 

Two  parasites  were  bred  from  the  sawfly  —  Trichogramma  minvtum 
Riley,  reared  from  the  eggs  of  the  pest,  and  Pezoporus  tenthredinarumj 
which  is  an  internal  parasite  of  the  larval  and  pupal  stages  and  proves 
to  be  a  new  species. 

In  experiments  to  check  the  mining  of  cherry  leaves  the  larvse  of 
the  sawfly  proved  to  be  very  resistant  to  lime-sulphur  solution, 
naphthalene,  kerosene  emulsion,  miscible  oil,  nicotine  solution, 
kerosene  or  gasoline.  Picking  of  affected  leaves  at  first  appearance 
of  injury  and  destruction  of  hawthorns  in  the  vicinity  of  cherry 
orchards  are  advised  tentatively  as  the  most  practical  means  of 
avoiding  injuries  to  cherries  by  the  leaf-miner.  Plowing  and  culti- 
vation, especially  during  late  April  or  early  May,  would  doubtless 
destroy  many  of  the  insects  in  the  ground,  although  the  exact  value 
of  this  practice  has  not  been  determined.  Fumigation  with  hydro- 
cyanic-acid gas  proved  to  be  the  only  direct  treatment  of  the  foliage 
which  effectually  checked  the  destructive  work  of  the  larvse  in  cherry 
leaves.  An  appUcation  of  nicotine  solution  and  soap  when  the  young 
larvae  are  beginning  to  tunnel  the  foliage  apparently  affords  efiicient 
protection  to  hawthorns. 

The  grape  root-worm. —  The  Station  has  given  long-continued 
study  to  this  pest  because  its  successful  control  is  one  of  the  most 
serious  problems  that  confronts  the  grape  growers  in  the  Chautauqua 
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and  Erie  grape  belt.  The  studies  by  the  Station  indicate  that  this 
pest  is  not  as  difficult  to  control  as  many  growers  have  believed  to 
be  the  case.  There  has  been  brought  to  the  attention  of  vineyardists 
the  conditions  under  which  the  insect  in  its  various  life  stages  is 
most  susceptible  to  remedial  and  repressive  measures.  It  is  believed 
that  an  intelligent  appUcation  of  the  published  recommendations 
will  usually  hold  the  pest  in  control.  The  following  are  the  recom- 
mendations: 

If  the  beetles  are  not  very  numerous  spray  within  a  week  after  the 
appearance  of  the  first  beetles,  using  bordeaux  mixture  (8-8-100) 
and  arsenate  of  lead  6  lbs.  Repeat  this  spraying  in  about  ten  da3rs. 
The  vines  should  be  thoroughly  sprayed.  If  the  beetles  are  numerous 
spray  as  soon  as  the  beetles  appear  in  numbers  on  the  vines,  being 
careful  to  avoid  applying  just  before  a  rain,  with  arsenate  of  lead 
6  lbs.,  molasses  1  gallon  and  water,  100  gallons.  A  cheap  stock 
molasses  is  better  than  the  more  refined  grades.  Spray  a  second 
time  one  week  later,  using  bordeaux  mixture  (8-8-100)  and  arsenate 
of  lead  6  lbs.  The  object  in  using  the  sweetened  spray  is  to  kill  as 
many  beetles  as  possible  with  the  first  appUcation  and  by  means  of  the 
second  spray  to  repel  what  may  remain  as  well  as  others  migrating 
from  other  vineyards.  Inasmuch  as  the  beetles  are  more  active 
during  warm  days,  better  results  have  been  obtained  by  applying 
the  molasses  mixture  on  such  days  providing  rains  were  avoided. 

Sinuate  pear  borer  and  leopard  moth. — ^The  Station  has  made  a 
study  of  two  destructive  pests  that  are  being  shipped  into  the  fruit- 
growing' sections  of  the  State  through  importation  of  nursery  stock. 
These  insects  are  the  sinuate  pear  borer  and  the  leopard  moth.  Sug- 
gestions have  been  published  as  to  their  control.  It  is  possible 
that  the  sinuate  borer  may  be  successfully  controlled  by  an  apph- 
cation  of  an  arsenical  spray  during  the  latter  part  of  May  or  shortly 
before  the  beetles  conunence  to  appear.  An  appUcation  of  some 
wash  to  the  trunks  and  branches  of  the  trees  during  early  June  as  a 
deterrent  to  ^g  laying  is  worthy  of  trial.  These  measures  are  ten- 
tatively suggested  pending  the  results  of  other  investigations. 

The  damage  from  the  leopard  moth  is  caused  by  the  larva  or  grub 
of  this  species  which  inflicts  serious  injury  to  branches  and  trunks 
by  tunneling  into  them.  The  measures  employed  to  combat  this 
pest  are  in  general  such  as  are  commonly  practiced  against  wood- 
boring  insects:  Prune  and  cut  back  infested  branches  and  destroy 
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caterpillars  in  their  mines.  In  case  of  attack  of  the  twigs  and  tips 
of  branches  by  young  larvae  remove  a  few  inches  of  the  end  of  the 
new  growth.    Systematically  examine  trunks  and  lai^  limbs  for 

"borers"  which  should  be  cut  out  and  destroyed.  Caterpillars 
buried  deeply  in  the  heart-wood  should  be  killed  by  probing  with  a 
piece  of  wire  or  by  injecting  carbon  bisulphide  into  the  burrows, 
when  the  openings  after  application  should  be  immediately  sealed 
with  moistened  clay  or  putty.  Infested  nursery  stock  should  be 
burned. 

COOPERATIVE  WORK. 

Nature  of  Activity.  Cooperator.  LoeatioiL. 

Control  of  pear  thripe A.  W.  Hover  &,  Bro Germantown. 

W.  Ten  Broeck Hudaon. 

Control  of  pear  midge W.  Ten  Broeck Hudaon. 

Control  of  pear  psylla David  Enos Oswego. 

J.  Glerum Oswego. 

Eugene  Sheldon Oswego. 

H.  Sheldon Oswego. 

Frank  Place Oswego. 

E.  C.  Dexter Oswego. 

Ohvor  Robarge Oswego. 

E.  J.  Lonis Hannibal. 

W.  E.  HaU Hannibal. 

H.  Bamhardt Oswego. 

J.  Kampel Hannibal. 

James  Bremner Oswego. 

William  Ruttan Oswego. 

S.  N.  Sweet Oswego. 

T.  G.  Newton Oswego. 

John  Critee Oswego. 

Charles  Ladley Oswego. 

E.  B.  McGlen Hannibal. 

Asa  Pease Oswego. 

Ralph  Pierce Oswego. 

Spencer  Brownell Oswego. 

C.  E.  Sayer Oswego. 

D.  A.  Griswold Oswego. 

D.  D.  Stone Oswego. 

W.  S.  Rappleye Oswego. 

Fred  Hammond Geneva. 

Control  of  apple  aphides E.  S.  Gifford Gasport. 

C.  D.  Tabor Wilson. 

B.  S.  Harwood Appleton. 

F.  L.  BackuB Olcott. 

H.  H.  Freeman Kent. 

John  Larwood Albion. 

John  Beckwith LyndonviDe. 

B.  G.  Gibson Albion. 

G.  E.  Snyder Albion. 

Lynn  Burrows Albion. 

John  Beckwith New  Haven 
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Nature  of  Activity.  Cooperator.  Location. 

Control  of  gnpe  root-wonn Fred  Denson Dunkirk. 

J.  T.  &  N.  G.  Merritt Dunkirk. 

R.  H.  Roberts Silver  Creek. 

Omar  Smith Weetfield. 

Control  of  gr^>e4>erry  moth ....     Eugene  Bacon Weetfield. 

Control  dt  rose  chafer Louifi  Bourne Weetfield. 

Control  of  cheR74eaf  beetle R.  J.  Paechke Fredonia. 

D.  B.  Belden Fredonia. 

Control  of  cnnbcRy  toad-bog        R.  C.  Brown,  (20  acree) Calverton. 

S.  M.  Woodhull,  (25  acres) Riverhead. 

HORTICULTURAL  DIVISION. 

It  has  previously  been  noted  that  agronomy,  which  relates  more 
particularly  to  the  growing  of  field  crops,  is  a  comprehensive  subject, 
and  broadly  speaking  relates  itself  to  nearly  aU  fields  of  physical  and 
bi(4ogical  science.  The  same  may  be  said  of  horticulture  as  dealing 
with  fruit  and  v^etable  culture.  Chemical,  physical  and  biological 
problems  enter  into  horticultural  studies.  But  with  horticulture, 
as  with  agronomy,  its  problems  must  be  worked  out  through  a  cor- 
idation  g[  the  efforts  of  a  number  of  scientific  specialists.  The  studies 
of  the  Horticultural  Division  in  this  Station  are  given  chiefly  to 
questions  of  plant  breeding,  orchard  management  and  the  varieties 
of  fruits. 

Investigations  concerning  which  publications  have  been  issued 
are  the  following: 

Effects  qf  varUms  dressings  on  'pruning  wounds  of  fruit  trees. — 
Fruit  growers  have  long  used  paints,  tars,  waxes  and  other  substances 
as  coverings  for  wounds  of  trees.  A  report  has  been  made  on  the 
effects  of  these  various  substances  on  woimds  made  on  the  apple  and 
on  the  peach.  In  all  cases  undressed  pruning  woimds  have  healed 
nx)re  r^idly  than  those  whose  surfaces  have  been  protected.  Of  all 
the  materiab  used,  shellac  was  least  injurious.  On  the  other  hand» 
it  adheres  to  the  wounded  surfaces  least  well  of  all. 

Nothing  18  to  be  gained  in  the  treatment  of  wounds  in  waiting 
several  weeks  before  appl3ring  any  of  the  various  dressings  used  in 
these  experiments.  There  is  nothing  to  show  in  this  experiment 
that  it  is  worth  while  to  treat  wounds,  large  or  small,  of  fruit  trees 
with  any  of  the  substances  in  common  use.  It  may  develop  that 
the  wood  exposed  in  the  larger  wounds  will  be  saved  somewhat  from 
the  decay  which  often  sets  in  on  exposed  wood  of  fruit  trees;  in  which 
case  white  lead  is  undoubtedly  the  best  dressing  to  use. 
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Strawberry  varieties, —  Bulletin  No.  401  is  a  report  on  varieties 
of  strawberries  tested  at  this  Station  during  the  past  three  years. 
The  kinds  grown  include,  for  most  part,  new  varieties  with  standard 
commercial  sorts  for  purposes  of  comparison.  All  varieties  received 
the  same  general  treatment  during  the  three  years,  the  matted-row 
system  being  followed.  The  soil  at  this  Station  is  a  cold,  heavy, 
clay  loam,  not  well  adapted  to  the  strawberry. 

The  bulletin  gives  the  blooming  season,  season  of  ripening,  sex  of 
flowers,  names  the  best  plant-makers,  states  the  relative  produc- 
tiveness, gives  the  vigor  of  plant,  compares  the  resistance  of  varie- 
ties to  disease  and  compares  the  size  and  quality  of  the  varieties 
tested. 

New  or  noteworthy  fruits, —  Bulletin  No.  403  contains  a  descrip- 
tion of  new  or  noteworthy  fruits.  This  is  the  third  report  of  this 
kind  from  the  New  York  Agricultural  Experiment  Station.  The 
objects  of  these  reports  are:  To  describe  the  best  recent  fruit  intro- 
ductions and  to  call  attention  to  noteworthy  sorts  which,  though  old, 
have  not  received  the  attention  they  deserve.  In  the  first  two 
reports  it  was  emphasized  that  fruit  growing  would  be  at  a  stand- 
still if  it  were  not  for  the  new  varieties  since  old  sorts  have  not  been 
and  cannot  be  improved.  In  this  third  discussion  of  new  varieties 
it  seems  more  important  to  discuss  in  the  introductory  remarks  the 
relative  value  of  new  and  standard  varieties  of  fruits  for  commercial 
planting.  Following  this  brief  discussion,  the  various  fruits  thought 
to  be  worthy  of  attention  are  described.  These  are:  the  Niagara 
peach,  the  Muscat  Hamburg  grape,  Lambert  cherry.  Late  Mus- 
catelle  plum.  Industry  gooseberry,  Black  Pearl  and  Marldon  rasp- 
berries and  the  Amanda  strawberry. 

Dwarf  apples, —  At  the  request  of  the  horticultural  societies  of 
New  York,  this  Station  imdertook  a  comparative  test  of  dwarf  and 
standard  apple  trees.  Bulletin  No.  406  is  a  final  report  of  the  test 
which  was  carried  on  for  ten  years.  For  the  standard  trees  French 
crab  stocks  were  used;  for  the  dwarfs  Doucin  and  French  Paradise 
stock.  Sites  were  selected  for  the  test  with  reference  to  climate  and 
soil  as  follows:  Kinderhook,  Columbia  County;  Fayetteville,  Onon- 
daga County  and  Carlton,  Orleans  County.  The  care  taken  of  the 
orchards  was  that  commonly  given  commercial  orchards  in  New 
York  except  in  the  matter  of  pruning.  Summer  pruning  is  part  of 
the  recognized  yearly  treatment  of  dwarf  trees.    The  results  show: 
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Ist. —  That  iikb  union  between  stock  and  cion  is  poorer  with 
Doucin  and  French  Paradise  stocks  than  with  the  French  Crab  and 
that  varieties  unite  less  well  on  French  Paradise  than  on  Doucin 
stocks. 

2nd. —  Doucin  and  French  Paradise  stocks  are  less  hardy  than 
French  Crab,  and  df  the  two  dwarfs  French  Paradise  is  much  less 
hardy. 

3rd. —  The  greatest  weakness  of  the  dwarfitig  stock  for  Nfew  York 
is  the  surface-rooting  habit,  in  which  character  the  two  stocks  can 
not  be  distinguished. 

4th. —  Suckers  from  both  dwarfing  stocks  proved  much  more 
troublesome  than  with  the  standard  trees. 

5th. —  The  trees  on  the  three  stocks  attain  the  size  commonly 
ascribe  to  them;  those  on  French  Crab  are  full  sized;  on  Doucin, 
half  dwarf;  on  French  Paradise,  true  dwarfs.  In  this  test  the 
dwarfing  e£fect  of  the  dwarf  stock  was  not  as  marked  as  is  commonly 
reputed.  We  conclude  that  distances  apart  commonly  recom- 
mended for  dwarf  trees  bring  them  much  too  close;  in  New  York 
Doucins  should  be  set  half  and  the  true  dwarfs  one-third  as  far  apart 
as  standard  trees.  If  the  cion  is  permitted  to  strike  root,  greater 
distances  must  be  allowed. 

6th. —  Trees  on  French  Paradise  come  in  bearing  soonest,  Doucin 
next  and  French  Crab  last. 

7th. —  The  test  has  not  been  such  that  a  safe  conclusion  can  be 
drawn  as  to  which  stock  makes  the  most  productive  orchard. 

8th. —  There  were  no  marked  differences  in  size,  color  and  quality 
of  the  apples  on  the  three  stocks. 

9th. —  The  advantages  of  dwarf  trees  appeal  to  amateur  rather 
than  professional  apple  growers.  Thus,  the  trees  take  less  space 
and  therefore  permit  a  greater  variety  in  orchard  or  garden  and  they 
are  handsomer  ornamentals. 

The  bloaming  season  of  hardy  fruits. —  In  1908  this  Station  published 
blooming  data  for  866  varieties  of  tree  and  vine  fruits.  In  the  seven 
years  that  have  elapsed  many  new  varieties  of  the  tree  and  vine 
fruits  have  been  grown  for  which  we  now  have  data  as  we  have  also 
for  bramble  and  bush  fruits  and  strawberries.  BuDetin  No.  407 
assigns  the  blooming  season  from  data  taken  at  this  Station  for  all 
of  the  varieties  of  fruits  commonly  grown  in  New  York.  The  data 
presented  cover  the  past  five  years. 
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Besides  the  data  for  the  several  fruits  there  is  a  discussion  of 
the  value  of  such  data  and  a  consideration  of  such  subjects  as:  The 
efifects  of  different  temperatures  on  the  essential  organs  of  flowers; 
the  effects  of  moisture  on  the  essential  organs;  the  variability  in 
blooming  season;  the  influence  of  location  on  blooming  time  and 
the  comparative  blooming  dates  of  the  several  different  fruits. 

Ripening  dates  and  length  of  season  of  hardy  fruits. —  Accurate 
knowledge  of  time  of  ripening  and  length  of  season  of  varieties  is 
information  that  the  commercial  fruit  grower  must  have.  It  is 
not  sufficient  that  he  know  roughly  what  the  season  of  his  fruits  is. 
To  take  the  turn  of  the  markets  he  should  know  exactly  when  a 
variety  will  ripen  and  how  long  it  will  keep.  Yet  current  data  on 
fruit  maturity  are  notoriously  unreliable.  Bulletin  No.  408  from 
this  Station  gives  the  dates  of  maturity  of  the  various  fruits  in  this 
climate  as  they  ripen  on  the  Station  grounds  besides  which  axe 
discussed:  The  ripening  time  of  fruits;  variability  in  ripening  dates 
and  keeping  quality;  the  correlation  between  blooming  time  and 
ripening  time;  the  conditions  affecting  ripening  time  in  the  Station 
orchards. 

Inheritance  of  certain  characters  of  grapes. —  Technical  Bulletin 
No.  45  discusses  the  results  obtained  during  the  past  twenty-five 
years  in  breeding  nearly  ten  thousand  seedling  grapes  at  the  Geneva 
Experiment  Station.  The  work  has  progressed  mainly  along  two 
lines:  (1)  The  determination  of  the  breeding  possibilities  of  varie- 
ties of  grapes  and  (2)  the  study  and  interpretation  of  breeding 
phenomena.  Nearly  200  varieties  of  grapes  have  been  used  in  the 
breeding  work.  The  usual  method  of  emasculation  has  not  been 
effective  in  a  few  cases  and  may  be  open  to  criticism.  One  of  the 
surprises  in  the  study  of  grape  varieties  was  the  failure  of  many 
commercial  sorts  to  transmit  desirable  qualities.  In  order  to  study 
grape  varieties,  nearly  3,000  selfed,  or  pure,  seedlings  have  been 
grown.  These  are  uniformly  lacking  in  vigor.  The  inheritance  of 
those  grape  characters  which  have  sufficient  data  available  has  been 
discussed  in  this  paper.  Of  the  two  types  of  stamens,  reflexed  and 
upright,  the  first  is  correlated  with  complete,  or  nearly  complete, 
self-sterility,  the  second  with  self-fertility.  Self-sterility  is  probably 
caused  by  impotent  pollen.  It  exists  in  varying  degrees  and 
depends  to  some  extent  upon  the  condition  of  the  vine  and  environ- 
mental factors.    Self-sterile  varieties  of  grapes  being  undesirable 
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from  a  horticultural  standpoint,  can  we  eliminate  those  with  reflexed 
fitameDs?  The  following  crosses  have  given  upright  and  reflexed 
stamens  in  the  indicated  ratios: 

UxU  =  4.3U:lR 
RxR=1.2U:lR 
RxU  =  lU:lR 
UxR  =  ? 

Breeding  from  the  upright  varieties  only  will  decrease  but  not 
diminate  the  seedlings  with  reflexed  stamens.  The  following  seem 
to  be  the  results  secured  in  the  study  of  sex  inheritance: 

Hermaphrodite  female  x  hermaphrodite  male  =  all  hermaphrodites. 

Hermaphrodite  female  x  pure  male = |  hermaphrodites  plus  ^  males. 

Two  general  laws  have  been  formulated  with  r^ard  to  color  of 
the  skin:  (1)  White  is  a  pure  color;  and  (2)  it  is  recessive  to  both 
black  and  red.  No  black  variety  has  proved  pure  for  blackness. 
Some  contain  white,  others  white  and  red.  Red  varieties  are  equally 
diverse.  The  colors  of  pure  seedlings  of  certain  varieties  show  wide 
variation,  even  when  derived  from  varieties  of  similar  color.  In 
the  inheritance  of  quality  the  most  noticeable  thing  is  the  low  per- 
c^tage  of  seedlings  whose  quality  is  good  or  above  good.  This  is 
probably  due  to  the  leveling  influence  of  the  wild  ancestors  from 
which  the  seedlings  are  but  a  step  removed.  Most  grapes  df  high 
quality  possess  some  Vitis  vinifera  blood.  The  pure  seedlings  oil 
the  New  York  Station  grounds  have  been  lower  in  quality  than 
crossed  seedlings.  In  the  inheritance  of  size  of  berry  there  is  no 
indication  of  dominance  of  any  one  size,  though  there  is  a  tendency 
for  a  variety  to  produce  seedlings  approaching  its  own  size.  The 
oval  form  of  many  Vitis  vinifera  hybrids  is  probably  an  intermediate 
between  round  and  a  more  pronounced  oval.  The  season  of  ripen- 
ing of  the  parent  influences  to  a  considerable  extent  the  season  of 
the  offspring.  A  vineyard  of  1,500  seedlings  bred  from  1898  to  1903 
has  dwindled  through  selection  to  less  than  75.  Of  these,  five 
have  already  proved  promising  enough  to  be  named. 

Varbus  circulars  have  been  issued  on  the  following  subjects: 
Raspberries,  Blackberries  and  Dewberries;  Tomato  Culture;  Hot  and 
Cold  Frames;  Culture  of  the  Potato;  Rhubarb  Culture;  Onion 
Culture;  Gooseberry  Culture;  Dahlias  and  Their  Culture;  and  the 
Soy-Bean  and  Cow-Pea. 


48  Director's  Report  of  the 

These  circulaxs  have  been  provided  as  a  means  of  replying  to 
inquiries  that  are  made  of  the  Station  along  these  various  lines 
and  are  not  intended  for  general  circulation.  They  will  be  issued  to 
persons  who  make  specific  inquiries  that  come  within  the  scope  of 
any  one  of  these  circulars. 

The  circular  on  Dahlias  and  Their  Culture  is  the  first  publication 
of  the  Station  for  a  long  time  dealing  with  a  floricultural  subject. 
This  circular  has  met  with  great  commendation  and  it  would  be  well 
if  the  Station  had  the  funds  with  which  to  give  attention  to  the 
varieties  and  care  of  flowers.  Flowers  certainly  constitute  an 
important  factor  in  our  lives,  especially  in  adding  to  the  attract  ve- 
ness  of  our  homes  and  gardens. 

cooperative  EXPEmMENTS  CONDUCTED  IN   1915 

ExperimenU  with  Grapes 

Fertilizer,  cultural  and  pruning  experiments,  H.  B.  Benjamin,  Fredonia. 
Fertilizer,  cultural  and  pruning  experiments,  E.  M.  Foster,  Urbana. 

PUBLICATIONS  ISSUED  DURING  1915. 

Bulletins. 

No.  394.    January.    Seed  tests  made  at  the  Station  during  1914.    M.  T.  Munn. 
Pagesi27. 
PopuLir  edition,  pages  4. 
No.  395. .  February.    Further  studies  on  the  spread  and  control  of  hop  mildew. 

F.  M.  Blodgett.    Pages  52,  plates  2,  figs.  2. 
No  popular  edition  issued. 

No.  396.    February.    Effect  of  various  dressings  on  pruning  wounds  of  fruit  trees. 

G.  H.  Howe.    Pages  12. 
Popular  edition,  pages  2. 

No.  397.    February.    Lime-sulphur  vs.  bordeaux  mixture  as  a  spray  for  potatoes. 
III.    M.  T.  Munn.    Pages  11,  plates  2. 
Popular  edition,  pages  2. 
No.  398.    March.    Milk  quality  as  determined  by  present  dairy  score  cards.    James 
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REPORT  OF  THE  DEPARTMENT  OF 

AGRONOMY, 

GEOUND  LIMESTONE  FOR  ACID  SOILS .♦ 

J.  F.  BARKER  axd  R.  G.  GOLLISON. 

SUMMARY. 

In  the  flist  section  of  this  bulletin,  the  chemical  composition  of 
limestones  is  discussed  briefly,  with  a  table  showing  the  carbonate 
content  and  calcium  carbonate  equivalent  of  the  ground  limestones 
produced  in  the  various  quarries  of  the  State  and  of  the  principal 
(Mies  brought  in  from  outside.  The  limestone  formations  of  the 
State  will  be  fully  treated  in  a  later  bulletin  of  the  Station. 

In  following  sections  are  given  a  discussion  of  the  practical  use 
of  ground  limestone  on  add  soils,  an  estimate  of  the  proportion 
of  soils  in  the  State  requiring  liming,  and  compiled  data  showing 
the  returns  from  the  use  of  limestone  on  various  crops  and  soils. 
The  amounts  of  lime  needed  and  methods  of  applying  it  under 
different  conditions  are  fully  discussed.  Next,  burned  lime  and 
limestone  are  compared  as  correctors  of  soil  acidity,  with  notes  on 
tiie  relation  of  magnesium  in  limestone  to  its  practical  use. 

Under  the  heading  "  Fineness  of  ground  limestone,*'  theoretical 
considerations  and  experiments  in  its  use  are  given  to  show  that 
fineness  greater  than  necessary  to  allow  all  the  material  to  pass 
tfarou£^  a  ten-mesh  sieve  is  not  required  for  satisfactory  use. 

The  bulletin  closes  with  a  brief  discussion  of  the  nature  and 
origin  of  soil  acidity. 

COMPARATIVE    VALUE    OF    DIFFERENT    LIMESTONES, 

limestones  are  made  up  of  calcium  carbonate  or  calcium  and 
magnesium  carbonates  and  a  var3ring  amoimt  of  clay-Uke  material. 
The  better  grades  run  above  90  per  ct.  total  carbonates.  All  lime- 
stones oontain  a  higher  precentage  of  calcium  carbonate  than  mag* 
neaum  carbonate,  the  latter  varying  in  different  stones  from  nothing 
to  a  maximum  of  about  45  per  ct.  Those  containing  10  per  ct.  or 
more  magnesium  carbonate  are  usually  referred  to  as  magnesium 
limestones  and  if  th^  carry  near  the  maximum  amount  they  are 
alao  called  dolomites. 

*  A  reprint  of  Bulletin  No.  400,  March,  1916. 
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According  to  the  present  state  of  our  knowledge,  magnesium  lime- 
stones are  fully  as  effective  as  straight  calcium  stones  for  practical 
use  in  soil  improvement.  In  fact,  a  given  weight  of  magnesium 
carbonate  is  capable  of  neutralizing  somewhat  more  acidity  than 
the  same  weight  of  calcium  carbonate,  100  pounds  of  the  form^ 
being  equal  to  119  pounds  of  the  latter  in  this  respect.  The  com- 
parative value  of  different  limestones  for  use  on  the  soil  is  con- 
veniently expressed  in  terms  of  their  calcium  carbonate  equivalents. 
This  figure  is  simply  obtained  by  adding  to  the  percentage  of  calcium 
carbonate  the  percentage  of  magnesium  carbonate  multiplied  by  1.19, 
since  one  pound  of  magnesium  carbonate  is  chemically  equivalent 
to  1.19  pounds  of  calcium  carbonate;  thus  a  stone  containing  76  per 
ct.  calcium  carbonate  and  20  per  ct.  magnesium  carbonate  would 
have  a  calcium  carbonate  equivalent  of  99.8.  This  figure  will  usually 
be  but  little  different  from  that  for  the  percentage  of  total  carbonates. 

The  buyer  of  ground  limestone  is  often  confused  by  certain  firms 
or  individuals  insisting  upon  the  especial  merits  of  some  particular 
product.  He  should  note  the  figure  for  calcium  carbonate  equivalent 
and  bear  in  mind  that,  assuming  reasonable  fineness,  this  gives  the 
comparative  value  of  the  product.  If  a  stone  showing  a  calcium 
carbonate  equivalent  of  90  can  be  delivered  to  the  buyer's  railway 
station  for  $1.80  per  ton,  then  one  having  an  equivalent  of  100  is 
scarcely  worth  more  than  $2  per  ton;  the  two  are  valuable  in  the 
proportion  of  90  to  100,  allowing  only  for  the  slightly  greater  amount 
of  work  in  hauling  and  applying  a  given  quantity  of  lime  in  the 
lower  grade  stone. 

For  a  classification  and  description  of  the  limestone  formations 
of  the  State,  together  with  a  map  showing  extent  and  location  of 
same,  the  reader  is  referred  to  a  forthcoming  bulletin  of  this  Station. 

The  usual  method  of  limestone  analysis  determines  total  calcium 
and  magnesium  without  regard  to  the  form  in  which  they  exist  in 
the  stone,  it  being  taken  for  granted  that  all  is  in  the  carbonate 
form.  The  methods  used  in  obtaining  the  above  analyses  take 
account  only  of  the  carbonates  in  limestone,  the  part  effective  for 
neutralizing  soil  acidity,  and  so  the  figures  for  calcium  carbonate 
equivalent  are  from  0  to  3  per  ct.  lower  than  would  be  obtained  by 
total  analyses. 

The  bases  for  these  analyses  are,  in  the  case  of  companies  in  the 
State,  samples  taken  by  a  representative  of  the  Station  directly 
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from  the  storage  bins  of  the  company  and  also  from  carloads 
shipped  to  farmers.  The  figures  given  are  the  average  of  from  two  to 
six  samples.^  Samples  from  companies  outside  the  State  have  been 
collected  from  carloads  shipped  to  New  York  farmers  and  have  been 
takai  either  by  a  representative  of  the  Station  or  of  the  State  Depart- 
ment of  Agriculture  or  by  one  of  the  County  Farm  Bureau  men. 

THE  PRACTICAL  USE  OF  GROUND  LIMESTONE. 

Crops  sensUive  to  acid  soils. —  Nearly  all  general  farm  crops  are 
sensitive  to  an  acid  condition  or  a  lack  of  carbonates  in  the  soil, 
and  thrive  much  better  if  a  certain  amount  of  lime  carbonate  is 
present.  As  is  well  known,  some  of  these,  particularly  alfalfa,  clover, 
blue  grass,  timothy,  beans,  beets,  and  others  can  scarcely  be 
grown  with  success  unless  the  soil  contains  a  liberal  amount  of 
carbonates.  A  few  plants  actually  do  better  on  an  acid  soil:  for 
instance,  blueberry,  cranberry,  serradella  and  the  common  sorrel. 
In  practical  farming  such  a  great  majority  of  the  crops  to  be  grown 
do  better  on  well-limed  soils  that  it  is  unprofitable  to  have  the  soil 
in  an  acid  condition,  provided  only  that  limestone  can  be  obtained 
at  an  economical  price.  Contrary  to  a  common  impression,  potatoes 
require  a  fair  amount  of  carbonates  for  their  best  development,  and 
smce  they  should  always  be  grown  in  a  rotation  with  other  crops 
usually  including  clover  or  alfalfa  it  is  out  of  the  question  to  keep 
the  soil  add  for  the  sake  of  making  it  easier  to  combat  the  potato 
scab.  The  use  of  cover  crops,  especially  legiunes,  emphasizes  the 
importance  of  lime  in  connection  with  fruit-growing.  Comparatively 
little  data  is  available  as  to  the  direct  effect  of  liming  on  the  growth 
of  various  fruits,  but  in  general  it  is  known  that  the  tendency  of  lime 
is  to  check  excessive  wood  growth  and  promote  fruitf ulness. 

Soils  of  the  Stale  in  need  of  liming, — Three-fourths  or  more  of  the 
farm  lands  of  New  York  State  would  be  greatly  benefited  by  a  liberal 
application  of  lime  in  some  form.  In  fact,  such  a  treatment  is 
fundamental  to  any  rational  method  for  the  improvement  of  these 
soils.  This  is  coming  to  be  so  generally  recognized  by  practical 
fanners  and  it  is  a  matter  of  such  frequent  discussion  that  it  need 
not  be  advocated  at  length  here. 

The  soils  not  at  present  in  need  of  liming  are  those  which  have 
been  naturally  well  stocked  with  limestone  by  reason  of  their  having 

^  The  analyses  reported  in  this  bulletin  have  been  made  by  R.  E.  Keeler,  Assistant 
Chemist. 
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been  derived  in  large  part  from  limestone  formations.  Such  soils 
can  usually  be  recognized  by  fragments  of  limestone  boulders 
or  gravel  still  remaining  in  the  surface  or  subsoil  and  washed  out 
along  gutters  and  streams  and  along  the  roadsides.  Such  land  will 
usually  grow  alfalfa  without  much  difficulty;  and  at  present,  in  any 
community  where  alfalfa  is  commonly  grown,  it  can  safely  be  assumed 
that  additional  limestone  is  not  much  needed.  A  forthcoming  bulle- 
tin, showing  location  of  limestone  outcrops,  will  give  some  indication 
as  to  where  natural  limestone  soils  are  likely  to  be  found.  Sections 
of  New  York  especially  in  need  of  liming  comprise  nearly  aU  of  the 
southern  half  of  the  State  (excepting  parts  of  Schoharie,  Albany, 
Dutchess,  Putnam,  Westchester  and  Orange  counties),  the  lake- 
hxmt  lands  bordering  Lake  Ontario,  nearly  aU  of  Long  Island,  and 
a  large  proportion  of  the  rest  of  the  state. 

Returns  from  use  of  limestone. —  Phenomenal  results  are  often 
obtained  from  the  practice  of  liming  the  land  and,  since  it  is  such 
results  that  are  most  talked  about  and  made  the  subject  of  photo- 
graphs, there  is  some  danger  that  those  just  b^inning  the  use  of 
limestone  may  be  led  to  expect  too  much  from  it.  When  attempt- 
ing to  grow  certain  crops,  particularly  alfalfa,  on  acid  soils  the  use 
ci  limestone  as  ag£unst  using  no  lime  frequently  makes  all  the  dif- 
f^ence  between  a  success  and  complete  failure,  and  of  course  the 
value  of  liming  in  such  cases  can  hardly  be  overestimated.  On 
very  acid  soils,  such  as  occur  pver  a  large  part  of  this  State,  the  use 
of  liberal  amounts  of  limestcme  is  fundamental  to  the  successful 
production  of  most  general  farm  crops,  and  in  view  of  this  the  need 
of  limestone  has  not  yet  been  overestimated  and  is  not  likely  to  be. 
But  in  general  the  practice  of  liming  should  be  expected  to  produce 
results  that  are  mild  and  lasting  rather  than  phenomenal  and 
short-lived,  and  its  use  should  be  part  of  a  systematic  scheme  for 
building  up  the  soil  in  respect  to  its  content  of  phosphorus, 
mganic  matter  and  lime  carbonate  and  for  improving  its  physical 
condition. 

The  following  average  results  from  carefully-conducted  experi- 
ments on  the  use  of  limestone  on  soils  only  mildly  ^  acid  give  a  fair 
estimation  of  what  can  safely  be  expected  from  the  use  of  limestone 
on  land  at  all  deficient  in  that  material : 


'  The  comparison  at  the  Ohio  station  is  a^painst  land  three-fifths  of  which  had  r^ 
oeiTed  one  application  of  lime. 
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At  the  New  Jersey  Station  one  application  of  two  tons  per  acre 
of  ground  limestone  gave  the  following  increases  per  acre  of  crops 
grown  during  a  period  of  five  years  following:  Of  grains,  com 
gave  an  increase  of  4.3  bushels,  oats  4  bushels,  wheat  6.7  bushels, 
rye  8.0  bushels;  of  vegetables,  potatoes  were  not  increased,  but 
beans  gave  a  gain  of  2.1  bushels,  tomatoes  4870  pounds,  cucumbers 
3500  pounds;  of  forage  crops,  oats  and  peas  gave  an  increase  of 
400  pounds  dry  matter,  vetch  and  rape  2750  pounds,  timothy  and 
clover  690  pounds,  rye  and  cowpeas  370  pounds. 

These  crops  were  grown  in  four  different  rotations  and  the  average 
value  of  the  increase  from  three  rotations,  including  only  general 
farm  crops,  is  estimated  by  the  New  Jersey  Station  at  $25  per  acre, 
while  that  from  the  rotation  including  tomatoes  and  cucumbers  in 
addition  to  potatoes,  com  and  lima  beans  was  $48.  In  this  ex- 
periment liming  did  not  increase  the  yield  of  potatoes,  but  on  very 
acid  soils  it  will  frequently  do  so  to  a  marked  extent.  Noteworthy 
evidence  to  this  effect  has  been  brought  out  by  the  Rhode  Island 
Station. 

The  Ohio  Station^  reports  the  results  of  12  years'  experiments 
with  the  use  of  lime  in  a  5-year  rotation  of  com,  oats,  wheat,  clover, 
timothy.  The  test  was  carried  out  on  each  of  five  different  fields 
each  year,  the  lime  being  used  once  in  a  rotation  and  applied  at  the 
time  of  preparing  the  land  for  com.  The  first  application  was  burned 
lime  at  the  rate  of  one  ton  per  acre,  later  applications  were  one  ton  of 
ground  limestone  per  acre,  making  an  average  of  1^  tons  ground 
limestone  or  its  equivalent.  The  effect  of  the  limestone  can  be 
conveniently  stated  in  terms  of  the  value  of  average  increase  for  all 
crops  in  a  5-year  rotation,  allowing  60  cents  per  bushel  for  com  and 
its  stover,  50  cents  for  oats  and  its  straw,  $1.00  for  wheat  and  straw, 
and  $10  per  ton  for  hay.  These  figures  are,  of  course,  below  the 
market  price  of  the  crops,  low  enough  to  insure  the  computations 
showing  net  values.  In  this  way  it  can  be  figured  from  the  results 
published  by  the  Ohio  Station  that  the  application  of  lime  for  a  5- 
year  period  has  given,  when  applied  alone,  average  increases  in  crops 
worth  $15.18.  When  applied  on  land  receiving  acid  phosphate  the 
lime  has  produced  increases  worth  $17.23;  on  land  receiving  acid 
phosphate  and  potassium  the  increase  from  liming  has  been  $20.31; 
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<Hi  land  recdving  complete  commercial  fertilizer  $20.21,  and  on  land 
receiving  barnyard  manure  $19.63. 

lAme  does  not  take  the  place  of  fertilizers  or  manure. —  The  Ohio 
experiments  illustrate  the  fact  that  lime  does  not  take  the  place  of 
other  fertilizers  or  manures,  but  supplements  them.  Contrary  to 
the  generally  accepted  theory  of  its  tendency  to  liberate  potassium, 
it  seldom  has  any  practical  effect  of  this  kind.  The  above  results 
show  very  strikingly  that  when  limestone  and  fertilizers  are  used  on 
the  same  land  the  effect  is  greater  than  the  sum  of  the  effects  from 
the  two  used  separately.  Thus  the  sum  of  the  values  of  increase 
from  lime  and  acid  phosphate  when  used  on  separate  plats  has  been 
$38.58  per  acre  for  each  5-year  rotation,  but  when  used  together  the 
increase  has  been  worth  $40.83.  Lime  and  a  combination  of  phos- 
phorus and  potassium,  when  used  separately,  have  given  a  total 
increase  worth  $49.15.  When  used  together  the  value  of  increase 
has  been  $54.28.  The  total  increase  from  lime  and  complete  ferti- 
lizer used  separately  was  $57.19;  used  in  combination  $61.22.  Lime 
and  manure  (16  tons  per  acre)  used  separately  have  produced  in- 
creases worth  $77.08;  when  used  on  the  same  land  the  figiu^  is  $81.53. 

When  the  use  of  lime  in  any  form  is  continued  alone  and  no  ade- 
quate provision  made  for  maintaining  the  supply  of  other  fertilizers 
and  organic  matter,  crop  yields  cannot  be  kept  up,  and  the  returns 
from  the  use  of  lime  in  such  a  system  become  leas  and  may  finally 
drop  below  that  of  land  unlimed. 

Amount  of  limestone  to  use. —  From  a  consideration  of  all  available 
field  experiments  it  seems  advisable  to  apply  as  much  as  two  tons 
of  ground  limestone  per  acre  as  an  initial  application  wherever  the 
soil  has  become  distinctly  in  need  of  lime.  This  may  then  be  followed 
with  one  to  two  tons  per  acre  once  every  rotation  of  three  to  six 
years.  These  amounts  will  be  found  very  profitable  applications, 
provided  only  that  the  limestone  can  be  obtained  at  reasonable 
prices.  Li  some  elaborate  pot-culture  studies  at  the  Pennsylvania 
Station  it  was  found  that  satisfactory  results  were  not  obtained 
until  an  application  was  made  of  at  least  one  ton  per  acre  in  excess 
of  the  theoretical  amount  needed  to  neutralize  the  determined 
acidity  of  the  soil.  The  amount  required  to  neutralize  this  acidity, 
as  determined  by  the  method  they  used,  varied  on  different  plats 
all  the  way  from  a  few  hundred  pounds  of  limestone  per  acre  to 
nearly  two  tons- 
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On  many  soils  of  New  York  State,  especially  the  hill  lands  of  the 
southern  part,  two  tons  of  limestone  per  acre  is  not  enough  to  give 
most  satisfactory  results  and  so  three  or  even  four  tons  will  often 
be  more  profitable.  In  preparing  land  for  alfalfa  it  should  be  re- 
membered that  this  crop  is  unusual  in  its  requirements  for  lime 
and  that  for  best  results  enough  should  be  used  to  insure  the  crop 
an  abundance  of  that  material  during  the  next  few  years.  Therefore 
three,  four  or  even  six  tons  of  ground  limestone  per  acre  is  often  not 
an  extravagant  amount  to  use  in  such  a  case.  For  purposes  of  plant 
food  alone  alfalfa  uses  calcium  and  magnesium  to  the  equivalent  of 
as  much  as  100  pounds  of  limestone  to  each  ton  of  cured  hay. 

Methods  of  applying. —  By  means  of  a  special  lime  or  fertilizer 
distributer  is  the  most  satisfactory  way  of  getting  limestone  on  the 
land.  In  this  manner  it  can  be  spread  with  much  less  work  and  the 
same  amount  will  effectively  cover  more  ground  than  if  scattered  by 
hand  or  with  a  manure  spreader.  The  fertilizer  attachment  of  a 
grain  drill  has  too  small  capacity  for  practical  use  in  distributing 
limestone.  It  is  best  to  apply  the  limestone  to  the  rough  ground 
after  plowii^,  thus  mixing  it  more  thoroughly  with  the  soil  by 
disking  and  harrowing.  It  is  in  the  line  of  good  practice  to  apply 
any  form  of  lime  as  long  as  practicable  before  seeding  the  first  crop 
to  be  benefited  by  its  application.  Fall-plowed  land  furnishes  an 
excellent  opportunity  for  the  application  of  limestone.  Also  summer- 
plowed  land,  to  be  seeded  to  grain  in  the  fall  and  to  clover  or  grass 
the  following  spring,  furnishes  a  good  opportunity  for  its  applicatioiL 
In  general  it  is  much  better  to  apply  limestone  in  the  summer  and 
fall  when  the  roads  are  ^ood,  the  land  firm,  and  work  not  so  pressing, 
rather  than  in  the  spring  when  there  is  haste  to  get  in  the  crops 
and  conditions  are  not  so  good  for  hauling  and  applying. 

Field  tests  for  the  need  of  limestone, —  Soils  which  contain  in  their 
surface  or  near  subsoil  fragments  of  limestone  are  not  in  need  of 
liming.  Soils  which  turn  blue  litmus-paper  pink'*'  are  nearly  always 
in  need  of  liming.  In  the  eastern  states  soils  with  a  light  color, 
gray,  grayish  brown,  or  yellowish  shade,  are  usually  in  need  of 
liming.    Whenever  serious  difficulty  is  experienced  in  growing  good 

*  It  is  not  necessary  to  neutralise  all  the  acidity  of  a  soil  to  get  results  from  liming, 
so  after  an  application  of  lime  has  been  made  and  some  good  results  observed  the  soil 
may  still  be  capable  of  turning  blue  litmus  paper  pink.  But  in  suqh  eases  further 
benefit  will  usually  follow  the  application  of  more  hme. 
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crope  of  common  red  clover  or  of  alfalfa  the  need  of  liming  is  strongly 
iiKiicated. 

The  litmu&-paper  test  for  soil  acidity  may  be  made  as  follows: 
Obtain  a  ball  of  wet  soil  about  the  size  of  the  fist,  break  it  open  and 
insert  a  double  thickness  of  blue  litmus-paper  (obtainable  at  any  drug 
store).  Press  the  ball  firmly  together  and  allow  to  stand  as  much 
as  a  half  hour.  If  at  the  end  of  this  time  the  paper  in  contact  with 
the  soil  has  distinctly  changed  to  a  pink  color  there  is  positive  evi- 
dence of  acidity  and  it  may  safely  be  assumed  that  benefit  will 
follow  liming.  Of  course  it  is  best  to  make  a  number  of  tests  in 
different  parts  of  the  field  and  the  subsoil  should  be  examined  as 
well  as  the  surface.  The  practice  sometimes  recommended  of  placing 
a  piece  of  filter  paper  between  the  litmus  paper  and  the  soil  renders 
the  test  of  no  value.  The  litmus  must  come  in  direct  contact  with 
the  solL 

It  is  now  nearly  always  possible  to  tell  in  advance  whether  or  not 
a  soil  is  in  need  of  liming,  without  waiting  for  the  slow  and  expensive 
method  of  trying  out  an  application  in  the  field.  Besides,  one 
year's  trial  may  often  fail  to  give  conclusive  results. 

TECHNICAL  SUBJECTS  RELATING  TO  THE 

USE  OF  LIMESTONE. 

Nature  and  use  of  burned  lime. —  Not  only  natural  raw  ground 
limestone  but  also  freshly-burned  and  hydrated  lime  may  be  used 
for  the  purpose  of  supplying  lime  to  soils  deficient  in  lime  carbonate. 
Freahly-bumed  and  hydrated  limes,  however,  rapidly  change  over 
to  the  carbonate  fonn  on  being  applied  to  the  soil;  that  is,  they 
very  soon  become  of  the  same  composition  as  ground  limestone,  a 
process  familiar  to  every  one  in  the  changes  that  Ume  mortar  under- 
goes on  standing.  If  it  were  not  for  this  fact  neither  of  the  caustic 
forms  of  lime  could  be  used  on  the  soil,  for  as  long  as  they  exist  in 
the  caustic  condition  they  are  liable  to  be  injurious. 

When  pure  calcium  limestone  (CaCOs)  is  completely  burned  it  loses 
44  pet  ct.  of  its  weight  in  the  form  of  carbon  dioxide  gas  (COs).  The 
'^suiting  product,  which  is  calcium  oxide  or  quicklime,  contains  just 
B8  much  actual  lime  as  the  original  limestone.  It  follows,  then,  that 
56  pounds  of  pure  quicklime  are  chemically  equivalent  to  100  pounds 
of  pure  limestone  and  will  neutraUze  the  same  amount  of  acidity 


64        Repoht  op  the  Department  of  Agronomy  op  the 

when  applied  to  the  soil.    The  above  weight  of  quicklime  slaked  with 
just  the  right  amount  of  water  forms  74  pounds  of  hydrated  lime, 
(Ca(0H)2).  When  either  of  these  compounds  is  exposed  to  the  air  for 
a  long  time  it  completely  recovers  the  carbon  dioxide  (COj)  lost  in 
burning;  thus  "  air-slaked  "  lime  is  of  the  same  composition  as 
pulverized  limestone.    If  the  limestone  has  a  part  of  its  calcium 
carbonate  replaced  by  magnesium  carbonate  the  latter  undergoes 
changes  similar  to  those  outlined  above.    Limestone  nearly  always 
contains  a  certain  amount  of  impurities,  consisting  chiefly  of  clay- 
like material.    On  burning,  this  material  does  not  lose  in  weight 
like  the  rest  of  the  stone,  consequently  burned  lime  will  contain  a 
higher  percentage  of  impurities  than  the  stone  from  which  it  is 
burned.    Also,  burned  lime  begins  to  take  up  weight  again  as  soon 
as  it  is  exposed  to  the  air.    The  figures  above,  then,  are  changed 
somewhat  in  actual  practice.    For  practical  purposes  it  may  be 
remembered  that  1200  pounds  of  freshly-burned  lime,  1500  pounds 
of  hydrated  lime  and  2000  pounds  of  ground  limestone  all  contain 
approximately  the  same  amount  of  actual  lime  and  are  capable  of 
neutralizing  the  same  amount  of  acidity  when  applied  to  the  soil, 
provided  sM  forms  are  of  good  grade.    Bulk  lump  lime  offered  to 
the  agricultural  trade  at  $4  to  $5  per  ton  is  not  as  good  grade  as  that 
considered  in  these  figures.    In  fact,  it  often  contains  the  ashea 
from  the  coal  used  in  burning,  may  contain  some  unbumed  core, 
and  may  be  partly  air-slaked.    Ground  limestone  (or  its  equivalent 
"  air-slaked  lime  "  ),  freshly-burned  lime  and  hydrated  lime  are  the 
only  three  forms  that  can  properly  be  called  lime  or  that  can  be  used 
for  neutralizing  the  acidity  of  the  soil.    Marl  is  the  same  in  com- 
position as  ground  Umestone  and  when  it  contains  the  same  percenL- 
age  of  carbonates  is  of  equal  value.     "  Agricultural  lime,"   "  Land 
lime,"  etc.,  are  only  trade  names  given  to  any  one  of  the  three 
forms  or  a  mixture  of  them. 

Ground  limestone  vs.  caustic  lime. —  Because  of  the  caustic  properties 
and  finely  powdered  condition  of  burned  lime  the  theory  has  often 
been  advanced  that  it  is  better  to  use  than  the  carbonate.  There 
is  no  evidence,  however,  from  any  carefully  conducted  field  test  to 
show  that  this  is  ever  the  case.  On  the  other  hand,  nine  years  of 
comparative  trials  in  the  field  at  the  Ohio  Agricultural  Exp^iment 
Station,  four  years  at  the  Tennessee  Station,  eleven  years  at  the 
Maryland  Station,  elaborate  experiments  at  the  Pennsylvania.Station 
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and  at  the  Rhode  Island  Station,  together  with  much  other  evidence 
from  this  and  from  foreign  countries,  have  shown  that  ground  lime- 
stone gives  at  least  as  good  results  and  often  better  than  its  equivalent 
in  burned  lime.'  These  experiments  cover  soils  of  various  t3rpes, 
oontuning  much  and  little  organic  matter;  and  they  deal  with  small, 
mecfium  and  large  applications  of  lime  and  with  nearly  all  general 
fann  crops.  These  experiments  entirely  discredit  the  theory  that 
burned  lime  is  any  more  effective  for  soil  improvement  than  chenical 
equivalents  of  groimd  limestone.  They  show  that  ground  limestone 
is  likely  to  produce  better  results  on  the  average  than  burned  lime. 
Ground  limestone  is  safer  to  use,  since  applied  in  almost  any  quantity 
at  any  time,  it  can  have  no  injurious  effect.  (Excepting  that  it, 
as  any  material  capable  of  neutralising  acidity,  produces  conditions 
more  favorable  to  development  of  potato  scab.)  Instances  are  on 
record  of  positive  injury  to  crops  from  the  use  of  caustic  lime.  Ground 
limestone  is  so  much  more  convenient  to  handle  that  this  fact  alone 
will  usually  lead  the  farmer  to  decide  in  its  favor  after  he  has  once 
had  expeni&nce  in  appl3ring  the  two  forms. 

Limestone  is  a  neutral  material  and  does  not  exert  a  distinct 
alkaline  reaction  excepting  when  in  contact  with  an  acid.  Even 
vay  weak  acids  easily  decompose  the  limestone,  setting  free  carbon 
dioxide  and  allowing  the  calcium  or  magnesium  to  combine  with 
the  adds,  thus  neutralizing  them.  There  is  no  difficulty  about  the 
"  availability  "  of  ground  limestone.  If  any  acid  condition  is  present 
in  the  soil  it  is  easily  neutralized  by  the  limestone. 

Magnewum  limesUmes. —  As  previously  explained,  magnesium  lime- 
stones are  such  as  have  a  part  of  their  calcium  carbonate  replaced 
by  magnesium  carbonate.  In  the  highest  magnesium  limestones 
the  two  carbonates  are  found  in  a  ratio  equal  to  that  of  their  mole- 
calar  weights  (100  :  84),  100  parts  calcium  carbonate  to  84  parts 
magnenmn  carbonate.  It  may  also  be  noted  that  in  these  relative 
quantities  the  two  are  capable  of  neutralizing  the  same  amount  of 
acidHy,  since  a  molecule  of  one  is  as  good  as  a  molecule  of  the  other 
for  that  purpose.  Eighty-four  pounds  of  magnesium  carbonate  is 
then  aUe  to  neutralize  the  same  amount  of  soil  acidity  as  100  pounds 
of  calcium  carbonate.  In  order  to  C(»npare  two  limestones  carrying 
diffefent  proportions  of  the  two  carbonates  it  is  well  to  compute 
the  percentage  of  calcium  carbonate  that  would  be  equal  to  the 

'  For  further  aoooani  of  these  eseperimeate  see  Circular  27  of  this^Station. 
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magnesium  carbonate  present  and  then  add  this  computed  per^ 
oentage  to  the  percentage  of  calcium  carbonate.  The  results  will 
be  the  calcium  carbonate  equivalent. 

Owing  to  the  fact  that  caustic  lime  made  from  magnesium  lime- 
stone more  often  produces  injurious  results  when  used  on  the  soil 
than  caustic  lime  from  straight  calcium  stones,  objection  has  grown 
up  to  the  use  of  magnesium  lime  in  any  form.  Also  it  has  been 
proved  that  highly  magnesian  limestone  when  used  in  excessively 
lai^e  quantities  (more  than  ten  tons  per  acre  at  one  application) 
may  produce  injury.  But  there  is  httle  if  any  evidence  to  indicate 
that  magnesium  limestone  used  in  reasonable  quantities  or  in  amounts 
that  anyone  can  afford  to  pay  for  will  be  any  less  beneficial  than  a 
like  amount  of  calcium  limestone.  There  is  a  large  amount  of 
evidence^  to  the  effect  that  magnesium  limestones  are  likely  to 
produce  slightly  better  results  than  non-magnesium  limestones. 
Magnesium  as  well  as  calcium  is  one  of  the  essential  elements  of 
plant  food  and  there  is  evidence  that  on  many  soils  additions  of 
magnesium  are  needed  for  this  purpose.  The  above  mentioned 
book  takes  up  this  question  as  well.  The  New  Jersey  Station  has 
recently  published  (Bulletin  No.  267)  the  results  of  an  extensive 
field  test  in  which  it  was  found  that  magnesium  limestone  gave 
somewhat  better  results  than  the  non-magnesium.  Bulletin  107  of 
the  Tennessee  Station  indicates  that  magnesium  limestones  are  more 
prompt  in  neutralizing  acidity  than  non-magnesium.  The  Illinois 
Experiment  Station  has  made  use  of  10  tons  per  acre  of  magnesium 
limestone  on  acid  soils  and  obtained  good  results.  In  connection 
with  the  growing  of  alfalfa  on  the  hill  lands  of  southern  New  York, 
this  Station  has  in  the  last  two  years  used  on  two  different  farms 
four  tons  per  acre  of  dolomitic  limestone  in  comparison  with  a  like 
amount  of  non-magnesium  limestone.  In  each  case  the  test  was 
made  on  one-tenth-acre  plats  in  duphcate.  No  difference  was 
detected  in  the  effect  on  the  alfalfa  crop  of  the  two  different  kinds 
of  limestone.  Without  lime  in  some  form  alfalfa  could  not  be  grown 
on  these  soils. 

The  evidence  on  the  comparative  value  of  magnesium  and  non- 
magnesium  limestones  for  use  on  acid  soils  is  such  that  there  is  no 
reason  for  any  discrimination  against  the  magnesium  limestones. 

*  Much  of  %\dB  evidenoe  is  sommaiiied  in  a  book,  "  Manures  and  Fertiliien/'  by 
H.  J.  Wheeler.    New  York:  1913. 
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They  should  be  valued  according  to  their  caldum  carbonate 
equivalait. 

Fineness  of  ground  limestone, —  For  practical  use  in  the  improve- 
ment of  acid  soils  it  is  not  important  to  have  limestone  ground 
extremely  fine.  There  is  plenty  of  evidence  to  warrant  the  oon- 
dusicm  that  if  limestone  is  ground  fine  enough  so  that  the  total 
passes  a  sieve  with  ten  meshes  to  the  linear  inch  and  contains  aU  the 
fne  material  produced  in  grinding  it  is  as  fine  as  need  be  for  practical 
use,  where  the  material  is  applied  not  of  tener  than  once  in  a  rotation 
of  at  least  three  years. 

Under  natural  soil  conditions  limestone  is  much  more  soluble 
than  most  other  soil  constituents  and  is  easily  leached  away.  The 
ea^  solubility  of  this  material  is  illustrated  by  the  fact  that  the 
carbonates  in  many  feet  of  limestone  have  often  been  leached  away 
to  form  one  foot  of  soil,  which  is  made  up  mainly  of  the  impurities 
ccmtained  in  the  lime  rock.  Also  the  caves  and  sink-holes  found  in 
limestone  r^ons  are  due  to  the  dissolving  away  of  the  rock  by 
underground  waters.  The  deposits  of  marl  so  frequently  found  in 
this  State  represent  lime  carbonate  dissolved  out  of  the  surrounding 
lands.  In  an  even  more  forceful  way  the  solubility  of  limestone  is 
iDustrated  by  the  large  quantities  of  it  contained  in  spring  and  well 
waters,  it  being  the  material  which  makes  such  water  hard  and 
which  is  deposited  as  a  crust  in  kettles  £uid  boilers  when  the  water 
is  evaporated.  More  than  this,  the  conditions  found  in  an  acid 
soil  are  about  the  most  favorable  of  any  in  nature  for  the  easy 
solubility  of  limestone. 

When  limestone  is  ground  to  pass  a  10-mesh  sieve  from  f  to  }  of 
the  product  will  pass  a  40-mesh,  depending  somewhat  upon  the 
nature  of  the  stone  and  upon  the  kind  of  machinery  used.  The 
entire  product,  then,  is  about  as  fine  as  representative  samples  of 
"finely  ground''  bonemeal.  A  mechanical  analysis  of  these  materials 
has  been  found  in  our  laboratory  to  be  as  follows: 

FZNBNUS  OF  lO-mSH  LnCBSTOinB. 

Paning  lO-mBBh     Paasing  204iiBBh     Paaring  40-ineBh  I 

Sample  1  100%  94%  62% 

"2  100  92  72 

"    s  100  er  42 

**      4  100  72  44 

"5  100  eO  49 

"6  100  82  M 

-   7  300  90 
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FunBNBBB  OF  lO-MBSH  XamoToivx.— OofidiicU 

Passmg  lO-moflh     Faaang  20-mfish     Passiiig  40-iDeBh 

Sample   8  100%  91%  63% 

'^      9  100  82  62 

10  100  93  07 

11  100  85  56 

12  100  86  62 

13  100  91  67 

14  100  80  55 
,^  16  100  76  60 

•  

Fineness  of  Gbound  Bone  Meal. 
PasaiDg  lO-mesh    Passing  20-me8h    Passing  40-me8h 

Sample  1  96%  82%  65% 

2  100  76  68 

"3  94  91  54 

Fineness  in  bonemeal  is  more  important  than  in  ground  limestone; 
for  under  soil  conditions  limestone  (CaCOs)  is  more  soluble  than 
bonemeal  (Ca8(P04)2),  is  used  in  quantities  ten  to  twenty  times  as 
great  per  acre,  and  costs  about  one-tenth  as  much  per  ton.  Yet 
bonemeal  of  the  above  fineness  is  everywhere  on  the  market  and, 
excepting  for  its  cost,  is  a  favorite  form  of  phosphorus  fertilizer 

Some  results  from  the  Ohio  Experiment  Station  bear  directly  on 
this  subject.  Different  forms  of  lime  and  different  amounts  have 
been  tried  out  in  a  rotation  of  com,  oats  and  hay  (clover  and  timothy), 
the  lime  being  applied  once  in  the  three  years;  manure  is  also  used 
in  the  rotation  at  the  rate  of  eight  tons  per  acre.  The  following  table 
gives  the  average  value  of  increase  for  a  three-year  period  due  to 
both  lime  and  manure.  The  five-year  average  is  the  first  data 
published  and  the  nine-year  the  last.  The  results  from  500  and 
2000  pounds  per  acre  of  burned  lime  are  given  to  show  that  the 
comparison  of  different  forms  is  based  on  quantities  smaller  than 
give  maximum  results  on  the  soil  in  question. 

VaLUS  of  AYERA.QB  CbOP  InCBEASB  PER  ACRE  FOR  3-TBAB  PSRIOD. 

(Ohio  Station)  Average  of    Average  of 

6  years  9  years 

Freshly-burned  lime  600  lbs.  per  acre  19.65  $19.02 

«        «         «  1000   «        «  11.65  20.07 

«        «         «  2000    «        "  14.70  23.41 

Ground  limestone  1780    '        «    (lO-meah)  12.96  21.05 

AiTHdaked  lime  1780    "        "  11.77  22.57 

Hydratedlime  1320    *"        "  11.82  20.75 

The  ground  limestone  was  of  such  fineness  that  the  total  passed 
only  a  10-mesh  sieve,  yet  it  has  given  fully  as  good  result?  fM9  chemical 
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equivalents  of  burned  lime,  air-filaked  lime  or  hydrated  lime,  any  of 
which  is  an  impalpable  powder. 

The  Tennessee  Station  (Bulletin  No.  97)  compared  burned  lime 
with  ground  limestone  for  a  period  of  four  years  on  a  variety  of 
crops  and  found  the  limestone  to  give  somewhat  better  results. 
The  ground  limestone  was  of  such  fineness  that  19  per  ct.  did  not 
pass  a  20-me8h  sieve.  The  burned  lime  was  slaked  and  so  reduced 
to  a  powder. 

Rhode  Island  Station  Bulletin  No.  145  reports  experiments  showing 
that  ground  limestone  was  fully  as  effective  as  air-slaked  lime,  even 
for  lEnmediate  results.    The  fineness  of  the  limestone  is  not  given. 

Artificial  (precipitated)  calcium  carbonate  has  been  compared 
with  "  Limestone  meal "  and  the  latter  foimd  to  give  fully  as  good 
results,  even  for  the  first  crop.^ 

In  a  comparison  of  crushed  marble  of  different  degrees  of  fineness 
it  has  been  found  that  material  passing  a  one-milUmeter  (20-mesh) 
sieve  but  coarser  than  a  ^  millimeter  (40-me8h)  gave  practically 
as  good  results  as  that  finer  than  ^  millimeter,  even  for  the  first 
crop.* 

In  some  lime  and  fertilizer  experiments  in  connection  with  the 
growing  of  alfalfa  on  the  hill  lands  of  southern  New  York  during  the 
past  three  years,  the  authors  have  compared,  along  with  other  treat- 
ments, the  following,  each  treatment  being  applied  to  duplicate 
one-t^ith-acre  plats: 

Grociod  limestone  2  ions  per  acre  Basic  slag  500  Ibe.  per  acre 

Hydrated  lime  equivalent  to  2  tons  G.  L.  per  acre  «       -      «  « 

Groond  limeatone  4  tons  per  acre  "  "  " 

Hydrated  Hme  equi^ent  to  4  tons  O.  L.  per  acre  «  «  « 

The  limestone  has  been  approximately  lO-mesh  and  has  cost  $1 
to  $1.50  per  ton  f.o.b.  cars  at  shipping  point,  while  we  have  paid 
18  to  $10  per  ton  for  the  hydrated  lime  at  shipping  points  to  insure 
getting  the  very  best  grade  for  comparison.  This  experiment  has 
been  tried  in  Chautauqua  County,  Schuyler  County,  Tioga  County 
and  Ostego  County.  In  three  of  the  cases  the  liming  was  done 
only  a  few  weeks  previous  to  seeding  the  alfalfa.  In  each  of  the 
four  experiments  a  good  stand  of  alfalfa  was  secured  on  these  four 
plats,  although  on  one  field  the  alfalfa  was  later  badly  winter  killed. 

*  Experiment  Station  Record,  21 :  624. 

*  Bsp't  Fenn.  State  College,  1909. 
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In  no  case  was  there  any  noticeable  difference  between  the  use  of 
the  ground  limestone  and  the  hydrated  lime.  Without  lime  in  some 
form  a  stand  of  alfalfa  could  not  be  secured.  There  is  a  strong 
indication  that  four  tons  of  limestone  or  its  equivalent  is  not  enough 
to  give  maximum  results  on  any  of  these  fields. 

On  the  ordinary  farm  it  is  scarcely  practicable  nor  advisable  to 
attempt  to  go  over  all  the  cultivated  land  with  an  apphcation  of 
limestone  more  frequently  than  once  in  four  to  eight  years.  Be- 
sidesy  an  ordinary  system  of  crop  rotation  lends  itself  to  the  practice 
of  liming  only  about  once  in  three  to  six  years;  unless,  of  course,  the 
material  is  applied  as  a  top  dressing,  which  is  not  so  effective  as 
mixing  it  with  the  soil.  Especially  does  this  apply  to  alfalfa  growing. 
The  problem,  then,  is  not  what  is  the  minimum  amount  of  limestone 
and  maximum  fineness  for  greatest  net  profit  the  first  year,  but 
rather  what  quantity  and  fineness  will  give  the  greatest  net  return 
over  a  period  of  at  least  three  years'.  If  enough  10*mesh  limestone 
is  used  to  last  for  that  length  of  time  it  will,  without  question,  give 
fully  as  good  results  the  first  year  as  a  somewhat  smaller  amount  of 
extremely  fine  material. 

Increased  fineness  means  increased  cost  of  production.  Also 
limestone  ground  as  fine  as  dust  can  hardly  be  handled  in  bulk  and 
must  be  sold  in  sacks,  which  adds  as  much  as  one  dollar  per  ton  to 
the  cost.  Ten-mesh  limestone,  which  is  about  the  consistency  of 
bonemeal,  can  be  readily  used  in  bulk. 

In  view  of  all  the  above  facts,  therefore,  it  seems  entirely  un- 
necessary to  urge  that  limestone  be  ground  any  finer  than  that  the 
entire  product  pass  a  10-mesh  sieve  and  contain  all  the  fine  material 
produced  in  grinding. 

Nature  of  soil  acidity, —  In  natural  soil  processes  acids  are  con- 
stantly being  formed  incidental  to  the  decay  of  organic  matter. 
These  acids  consist  of  carbonic  acid,  various  organic  acids  and 
strong  nitric  acid  (HNO3).  All  have  ability  to  combine  with  and 
remove  from  action  the  bases  present  in  the  soil.  The  formation 
of  organic  acids  is  familiar  to  everyone  in  the  souring  of  milk,  in 
the  production  of  sauerkraut,  in  the  fermenting  of  silage,  and  in 
the  manufacture  of  wine  and  vin^ar  from  fruit  juices.  Nitric  acid 
is  formed  from  the  nitrc^en  of  organic  matter  by  the  process  of 
nitrification.  In  the  production  of  almost  any  ordinary  crop  as 
much  as  100  pounds  of  nitrogen  per  acre  is  convert^  into  nitric 
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acid.     Under  favorable  conditions  200  pounds  or  more  of  nitrogen 
per  acre  are  commonly  transformed  into  nitric  acid.    One  hundred 
pounds  of  nitrogen  forms  450  pounds  of  nitric  acid  which  is  capable 
of  using  up  357  pounds  of  calcium  carbonate.    The  carbonic  acid 
and  organic  acids  produced  at  the  same  time  would  be  capable  of 
using  up  a  much  larger  quantity  of  limestone  than  this.     If  car- 
bonates are  not  present  to  combine  with  these  acids  they  attack  the 
silicate  compounds  of  the  soil  and  extract  from  them  their  basic 
constituents,  such  as  calcium,  magnesium,  sodium  and  potassium 
Acids  are  added  to  the  soil  to  some  extent  by  the  use  of  many  com- 
ma-dal  fertilizers.    When  500  pounds  of  acid  phosphate  is  added 
to  the  soil  enough  acid  is  introduced  to  use  up  about  200  pounds 
of  limestone.    By  the  use  of  ammonium  sulphate  (NH4)2S04)  a 
smaU  amount  of  sulphuric  acid  (H2SO4)   is  formed,  as  the  plants 
use  up  the  ammonia  and   leave  the  free  sulphuric  acid  behind. 
Carefully  conducted  field  tests  show  that  plats  treated  with  am- 
monium sulphate  become  acid  sooner  than  plats  alongside  treated 
with  a  sdmilar  amount  of  nitrogen  in  nitrate  of  soda  or  dried  blood. 
When  free  sulphur  is  added  to  the  soil,  as  in  the  dusting  of  plants 
for  fungus  diseases,  it  is  soon  oxidized  to  sulphuric  acid  and  rela- 
tively large  quantities  of  acid  may  be  formed  in  this  way. 

It  is  not  correct  to  say  that  acid  soils  are  due  to  an  acctunulation 

of  acids,  such  as  described  above,  for  hardly  an  appreciable  amount 

of  add  is  ever  present  in  the  free  state  in  any  soil.    But  the  acids 

remove  the  bases  from  the  soil,  first  the  carbonates  and  then  the 

basic  constituents  of  the  silicates;  and  when  this  process  has  gone 

on  long  enough  the  soil  becomes  deficient  in  basic  materials.    It 

is  then  potentially  acid;  that  is,  it  behaves  as  an  acid  in  the  presence 

of  basic  materials  or  a  compound  like  limestone  which  readily  parts 

with  its  basic  constituents  in  the  presence  of  even  very  weak  acids. 


LIMESTONES  OP  NEW  YORK,  WITH  REFERENCE 
TO  THEIR  AGRICULTURAL  USE.* 

B.  G.  COLLISON  and  J.  F.  BARKER. 

SUMMARY. 

The  first  part  of  the  bulletin  gives  a  brief  description  of  each  of 
tiie  forty-nine  limestone  formations  found  within  the  State  of  New 
York;  tiiere  is  mentioned  tiie  stratigraphic  position,  general  locality, 
approximate  tiiickness,  adaptability  to  agricultuxal  use  and  out- 
standing characteristics  of  each  formation. 

The  more  important  f onnations  are  next  taken  up  separately  for 
more  detailed  descriptions,  together  with  the  results  cS  analyses  of 
a  varying  number  of  samples  of  each. 

A  limestone  map  accompanies  the  bulletin,  showing  the  area  of 
outcrop  ot  each  of  the  more  important  formations  or  group  ci  for- 
mations.   (Map  in  pocket  at  back  of  report.) 

Two  stratigntphical  columns  are  given  showing  diagnimmatically 
cross  sections  of  the  hard  rock  geology  for  both  the  eastern  and 
western  halves  of  the  State.  In  this  way  the  geological  relations 
and  comparative  age  of  the  different  limestones  are  diown  graphi- 
cally. Finally  the  subject  of  types  of  limestones  and  origin  of 
limestones  are  briefly  discussed. 

INTRODUCTORY  NOTE. 

The  rapidly  increasing  use  of  limestone  for  purpose  of  soil  improve- 
ment has  developed  an  interest  regarding  the  limestone  supplies 
of  the  State  among  a  far  larger  number  of  people  than  ever  before. 
Although  much  work  has  previously  been  done  on  the  geology  of 
New  York  limestones,  this  is  scattered  about  in  miscdlaneous 
reports  so  that  a  publication  giving  a  genersd  idea  of  the  subject  has 
scarcely  been  available  to  the  public.  Also  previous  limestone 
studies  have  not  been  made  with  any  special  reference  to  the  agri- 
cultural use  of  the  stone.  This  bulletin  is  based  upon  misceUaneous 
reports  regarding  New  York  limestones,  supplemented  by  field  work 
carried  on  by  the  Department  of  Agronomy  of  the  Station  during 
two  summers  and  by  the  analyses  of  numerous  samples  collected  in 
the  course  of  our  field  studies.  Only  a  general  outline  of  the  subject 
is  so  far  accomplished,  and  much  more  field  work  will  have  to  be  done 
before  the  limestones  can  be  discussed  as  fully  as  their  agricultural 
importance  deserves. 

*  A  reprint  of  Technical  Bulletin  No.  47,  December,  1915. 
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In  the  preparation  of  the  limestone  map  the  authors  have  had  the 
valuable  assistance  of  Prof.  George  H.  Chadwick  of  the  University 
of  Rochester  and  they  wish  at  this  time  to  acknowledge  their  indebt- 
edness for  this  help  and  for  other  valuable  suggestions  made  by  him. 

DESCRIPTION  OF  LIMESTONE  FORMATIONS. 

Within  the  borders  of  the  State  of  New  York  are  found  at  least 
forty-nine  distinct  limestones  worthy  of  separate  nomenclature. 
They  represent  many  types  and  all  grades  of  purity  and  vary  greatly 
in  industrial  importance.  For  convenience  of  refer^ice  they  are  sJl 
mentioned  in  Table  I,  where  a  brief  description  of  each  is  given. 
They  are  numbered  in  the  order  of  their  occurrence  in  the  geologic 
columns,  from  the  most  recent  to  the  oldest  formation.  The  more 
important  formations  are  taken  up  one  at  a  time  for  a  somewhat 
detailed  description,  the  same  numeral  order  being  followed. 

TULLT  LIMESTONE.      (3) 

This  formation  runs  in  a  narrow  outcrop  through  the  west  central 
part  of  the  State.  Its  type  locality  is  at  Tully  in  southern  Onondaga 
County.  It  reaches  a  maximum  thickness  of  about  30  feet.  In 
character  it  is  a  fine-grained  blue  to  black  stone,  very  hard  when 
fresh  but  on  long  exposure  assumes  a  light  gray  color  and  tends  to 

€k>MP08inON  OF  TULLT  LnCBSTONB.* 


Lab. 
No. 

Source  or  Sample. 

Carbon- 
ate 
equiva- 
lent, t 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

• 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 

alumina, 

water, 

etc.;  by 

difference. 

52 
53 

Dresden,  Yatee  Ck>. 

Per  ct. 
92.44 

91.84 

Per  ct. 
00.00 
89.68 

Per  ct. 
2.06 
1.82 

Per  d, 
02.06 
01.50 

Per  ct. 
4.45 
4.98 

Per  et. 
3.40 
3.52 

100 

101 
102 

Hayt's  Comers, 
Seneca  Co. 

03.20 

03.52 
03.20 

00.20 

00.00 
80.80 

2.53 

2.07 
2.87 

02.73 

02.97 
92.67 

5.50 

5.06 
5.42 

1.77 

1.07 
1.91 

166 

South  eod  of 
SkaneatdesLake 

80.6 

87.0 

1.40 

89.3 

8.50 

2.20 

m 
m 

Borodino 

04.8 
01.5 
03.4 

03.3 
00.2 
91.3 

1.30 
1.10 
1.80 

94.6 
91.3 
93.1 

3.00 
6.00 
4.74 

2.40 
2.70 
2.16 

*  The  greater  number  of  the  analyses  in  this  and  succeeding  tables  were  made  by 
R.  F.  Eeeler,  assistant  chemist  in  this  Department. 

t  By  "  cariwnate  ecpivalent "  is  meant  the  figure  obtained  by  calculating  aU  the 
eaiiMxi  dioxide  to  calcium  carbonate. 
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crumble  into  small  fragments.  The  basal  layer  and  a  few  of  the  top 
ones  are  somewhat  shaly.  Frequent  joints  divide  the  stone  into  large 
blocks  which  are  often  found  detached  along  the  ravines  in  the  region 
where  it  outcrops.  It  is  used  for  road  work,  Portland  cement,  and 
for  agricultural  purposes.  It  is  distinctly  a  calcium  stone.  The 
composition  of  representative  samples  is  ^ven  below. 

ONONDAQA  LIMESTONE.    (9) 

The  Onondaga  formation,  sometimes  called  Comiferous,  is  com- 
mercially one  of  the  most  important  in  the  State.  Its  outcrops  are 
widely  distributed,  extending  almost  across  the  State,  east  and  west, 
in  a  rather  narrow  band.  The  formation  varies  in  thickness  from 
very  little  to  250  feet  in  the  Niagara  region. 


Ck>i[P08iTioN  OF  Onondaoa  Liuestone. 


Carbon- 

Cal- 

Mag- 

Total 

In- 

Iron, 

Lab. 

ate 

cium 

nesium 

carbon- 

soluble 

alimiina, 

No  ;  SoimcB  or  Sample. 

equiva- 

carbon- 

carbon- 

ates. 

matter. 

water, 

lent. 

ate. 

ate. 

etc.;  by 
difference. 

Per  a. 

Perct. 

Perct. 

Perct, 

Perct. 

Perct. 

12 

Oriakflny  Falls.      1 

88.92 

75.20 

11.56 

86.76 

10.58 

2.64 

Oneida  Ck>. 

13 

88.30 

86.51 

1.51 

88.02 

10.81 

1.17 

21*  Richfield  SDrimn. 

90.08 

89.75 

8.72 

Otaego  Co. 

22 

92.30 

84.49 

4.01 

88.50 

6.10 

5.40 

82    CuUen.     Herkimer 

90.32 

88.85 

1.24 

90.09 

8.16 

1.75 

Co. 

83 

91.70 

89.47 

1.88 

91.35 

7.46 

1.19 

H8* 

Leroy,  Genesee  Co. 

90.52 

89.28 

1.05 

90.33 

8.24 

1.43 

106 

91.76 

88.53 

2.72 

91.25 

7.16 

1.59 

107 

91.40 

89.58 

1.53 

91.11 

6.58 

2.31 

108 

92.76 

88.95 

3.21 

92.16 

6.22 

1.62 

m 

94.84 

92.30 

2.14 

94.44 

4.20 

1.36 

lis 

Anbum,  Cajruga 
Co. 

89.12 

85.45 

3.10 

88.55 

9.24 

2.21 

119 

90.20 

84.83 

4.50 

89.33 

9.60 

1.07 

120* 

88.20 

84.40 

3.20 

87.60 

10.00 

2.40 

121 

87.72 

84.60 

2.60 

87.20 

9.48 

3.32 

122 

93.92 

85.45 

7.03 

92.48 

5.00 

2.52 

123 

1 

89.90 

86.30 

3.03 

89.33 

9.12 

1.55 

151 

'  Blakeriee 

81.6 

80.7 

.76 

81.46 

18.02 

.52 

« 

*GioQiid  limestone. 
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The  lower  portion  of  the  formation  is  known  as  Onondaga  gray 
limestone,  which  is  of  crystalline  texture  and  very  durable.  Fossils 
are  abundant  in  this  portion,  corals  being  in  the  majority.  Weather- 
ing takes  place  along  the  vertical  joint  planes  leaving  deep  fissures 
in  the  rock  which  sometimes  extend  100  feet  below  the  surface. 
Caves  also  occur,  formed  by  process  of  solution. 

Overlying  this  gray  portion  is  a  thick  stratum  of  compact  blue 
limestone  with  a  large  amount  of  scattered  chert  and  homstone 
masses,  which  injure  the  stone  for  building  or  burning.  The  upper 
part  of  this  division  is  fairly  free  from  chert  but  has  &ome  day  and 
is  sometimes  called  "  Seneca  Limestone." 

The  lower  crystalline  portion  is  the  most  important  building  stone 
in  the  region  of  Syracuse.  It  has  great  strength  and  durability; 
has  also  been  used  for  soda  ash  manufacture.  At  the  present  time 
it  is  utilized  to  a  large  extent  agriculturally  all  along  its  line  of  out- 
crop. 

It  varies  considerably  in  composition.  Its  type  localities  are  in 
Onondaga  Coimty  where  in  composition  it  is  distinctly  a  calcium 
stone. 

The  preceding  table  shows  the  range  of  composition  in  various 
parts  of  the  State. 

BE  craft  limestone.    (13) 

This  limestone,  sometimes  called  Upper  Pentamerous,  is  found  in 
eastern  New  York,  especially  in  Dutchess  and  adjoining  counties. 
In  Greene  County  it  reaches  a  thickness  of  60  feet.  Its  type  locality 
is  at  Becraft  Mountain  in  Columbia  County. 


Composition  of  Becbaft  Limestone. 


Lab. 
No. 

SouBCB  OF  Sample. 

Carbon- 
ate 
equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Lron, 

alumina, 

water, 

etc.;  by 

di£Ference. 

47 

Kingston,  Ulster 
Co. 

Perct. 
95  60 

Perct. 
95  60 

Perct. 
0.84 

Perct. 
96.44 

Perd. 
2.50 

Perct. 
1.06 

Becraft  Mt.,  Colum- 
bia Co. 

96.4 

91.70 

3.61 

95.2 

Rondout 

96.50 

trace 

WiUow,  Ulster  Co. . 

80.75 

trace 

The  Becraft  is  a  coarsely  crystalline  limestone,  very  densely  packed 
with  brachiopod  shells,  frequently  approaching  a  pure  shell  rock. 


TuUy  limestone.    Almost  Complete  Section  aeai  Borodino,  N.  Y. 


'^<*Tnua  nd  HanHua  limestones  near  South  Bethlehem.    Uppei  Tlurd  Coeymftu 

Lower  Part  Manlius. 

Pmtb  III. 


Manliua  Limestone  Capped  by  a,  Mas»ve  Layer  of  OnondagOi,  oear  Blakeslee,  N.  Y. 
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It  is  massively  bedded,  c(»npact  and  hard,  and  when  fresh  is  dark 
gray  in  color,  weathering  to  a  cream  or  white.  The  stone  is  resistant 
and  often  projects  above  the  surrounding  landscape  forming  rock 
shdt^rs.  It  is  also  cut  by  joint  planes  which  on  weathering  tecome 
greatly  widened  into  fissures.  It  is  sometimes  called  shell  marble 
and  niakes  a  fine  building  stone.  It  is  made  use  of  to  only  a  limited 
extent  agriculturally,  although  it  is  an  excellent  stone  for  this  purpose. 
The  Becraft  is  a  high  calcium  stone  usually  of  high  purity,  which  is 
shown  by  the  analyses  given. 

NEW  SCOTLAND  LIMESTONE.    (14) 

This  is  the  limestone  found  in  the  New  Scotland  Beds  of  eastern 
New  York.  The  whole  formation  reaches  a  thickness  in  Greene 
County  of  100  feet.  In  character  it  is  very  shaly  and  weathers  very 
easily,  forming  soil-covered  slopes  and  clay  soils.  The  disinte- 
grated materisd  usually  contains  a  ku-ge  number  of  more  resistant 
fossils.  The  beds  are  thin,  and  dark  gray  to  reddish  in  color,  often 
sandy,  and  on  weathering  develop  iron  stains. 

It  is  used  locally  but  not  as  yet  to  any  great  extent  as  a  source 
of  lime.    Its  type  locality  is  at  New  Scotland  in  Albany  Co. 

COEYMANS  LIMESTONE.    (16) 

The  Coeymans  limestone,  sometimes  called  Lower  Pentamerous, 
is  an  important  one  in  the  eastern  part  of  the  State  where  in  the 
Schoharie  region  it  reaches  a  thickness  of  80  feet,  its  type  locality 
being  at  Coeymans  in  Albany  County. 

It  is  a  rather  coarse,  semi-crystaUine  stone  made  up  largely  of 
coral  and  other  fossil  remains.  It  is  compact  and  hard,  of  uniform 
grain  and  usually  dark  in  color.  The  lower  beds  are  generally  some- 
what massive,  the  upper  ones  thinner.  Like  the  Becraft  this  stone 
is  resistant  and  forms  rock  shelters  and  ledges.  It  varies  consider- 
ably in  texture  from  top  to  bottom,  from  shaly  and  argillaceous  lime 
sand  rock  to  compact  stone  below  resembling  the  Manlius.  It  is 
quarried  to  some  extent  for  Portland  cement  and  in  recent  years  for 
agricultural  purposes. 

COMFOSITIOMB  OP  CoKTlfANS  LlllESTONX. 


Lab. 
No. 

SouBCB  OP  Sample. 

Carbon- 

ato 
equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
nuitter. 

Iron, 

alumina, 

water, 

etc.;  by 

difference. 

156 

South  Betblehem.. 

Percl. 
92.4 

Perd, 
91.3 

Perd. 
.93 

Perd. 
92.23 

Perd. 
5.7 

Perd. 
2  07 

South  Bethlehem. . 

87.04 

79.06 

6.65 

85.71 

88 


Report  of  the  Department  of  Agronomy  of  the 


BfiANLIUS  LIMESTONE.    (17) 

This  stone,  sometimes  called  Tentaculite  Limestone,  rivals  the 
Onondaga  in  commercial  importance.  With  the  exception  of  its 
western  extension  it  closely  follows  the  outcrops  of  the  Onondaga 
from  east  to  west.  In  Onondaga  County  it  reaches  a  thickness  not 
far  from  80  feet.  It  takes  its  name  from  the  type  locality  at  Mtmlius 
in  Onondaga  County. 

At  the  top  of  the  formation  is  a  four-foot  layer  of  waterlime 
then  four  to  five  feet  of  pure  blue  csdcium  limestone  known  in  the 
quarries  as  ''  Diamond  Blue  Rock."  It  develops  many  joints  and 
fractures,  thus  coming  from  the  quarries  in  small  fragments. 

Following  the  diamond  blue  comes  four  feet  of  argillaceous  dolo- 
mite which  makes  good  hydraulic  cement.  Then  comes  the  main 
mass  of  blue,  almost  black,  stone  mixed  with  layers  of  lighter  colored 
dolomitic  stone. 

The  stone  in  general  is  very  hard  but  brittle,  splitting  easily  along 
the  lines  of  deposition  with  a  diamond  fracture. 

The  rock  is  used  very  extensively  for  road  work,  ballast,  concrete, 
soda  ash,  Portland  cement  and  recently  for  agricultural  purposes. 

It  contains  relatively  more  magnesium  carbonate  than  the  Onon- 
daga, this  constituent  sometimes  running  as  high  as  20  per  ct.  Cal- 
cium carbonate  may  run  as  high  as  96  per  ct. 


CoMPosmoN  OF  Manuus  Liusbtonk. 


Lab. 
No. 

?- — -rrr- • — :-■ 

SouBCE  OF  Sample. 

Carbon- 
ate 
equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 

alununa, 

water, 

etc.,  by 

difference. 

14 

Munnsville, 
Madison  Co. 

Per  ci, 
95.44 
92.08 
94.44 

Per  ct, 
94.75 
92.08 
94.14 

Per  ct. 
trace 
trace 
trace 

Per  ct. 

Per  ct. 
3.30 
7.37 
4.41 

Per  ct. 

15 

16* 

50'* 
51 

Mellenville, 
Columbia  Co. 

79.44 
86.90 

70.30 
81.08 

8.34 
4.90 

78.00 
85.98 

19.50 
11.80 

2.50 
2.22 

60t 

61 

62 

South    Bethlehem, 
Albany  Co. 

82.68 
87.56 
92.48 

75.20 
83.07 
89.40 

8.20 
3.78 
2.80 

81.50 
86.85 
92.00 

11.74 
8.46 
5.30 

6.76 
4.60 
2.70 

68'* 
69 
70 
71 
72 
73 
124 
125 

Syracuse, 
Onondaga  Co. 

87.28 
88.92 
93.76 
94.56 
89.84 
87.44 
98.16 
94.44 

69.47 
71.25 
77.71 
82.30 
76.04 
67.13 
95.63 
87.40 

17.72 
17.52 
15.44 
12.12 
13.92 
20.40 
2.13 
5.93 

84.49 
86.14 
91.23 
92.63 
87.67 
84.24 
97.76 
93.33 

12.01 
10.32 
6.50 
5.72 
7.78 
13.26 
1.50 
4.88 

3.60 
3.54 
2.27 
1.65 
4.55 
2.50 
0.74 
1.79  J 
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Composition  of  Manuus  LusTOini  (eanHnued), 


Leb. 
No. 

SOUBGB  OP  SaMFLB. 

Carbon- 
ate 

equiva- 
lent. 

Cftl- 

cium 
carbon- 

8we. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

lion, 

alumina, 

water, 

etc.,  by 

difference. 

126t 
127* 
128* 

Syracuse  region 
{continued) 

Perd. 
91.64 
92.90 
93.20 

Perct. 
89.30 
89.90 
90.30 

Perd. 
1.97 
2.53 
2.44 

Perd. 
91.27 
92.43 
92.74 

Perd. 
6.10 
4.28 
4.58 

Perd 
2.63 
3.29 
2.68 

74 

75 

76* 

77 

78 
129* 
130* 

Blakeaiee,  Madison 
Co. 

94.70 
95.10 
93.16 
93.60 
97.04 
95.00 
94.25 

94  08 
91.55 
91.04 
91.14 
96.43 
93.90 
93.25 

0.52 
1.36 
1.92 
2.76 
1.36 
0.93 
0.84 

94.60 
92.91 
92:83 
93.20 
96.79 
94.83 
94.09 

0.84 
3.50 
6.08 
5.64 
1.10 
4.02 
4.34 

4.56 
3.59 
1.09 
1.16 
2.11 
1.15 
1.57 

27* 

28 

29 

Sharon  Spnngs, 
Schohaaie  Co. 

97.08 
92.44 
95.12 

96  26 
91.36 
94.04 

0.69 
0.91 
0.91 

96.95 
92.27 
94.95 

2.34 
5.87 
3.70 

0.71 
1.86 
1.35 

46 

I[ingston,  Ulster 
Co. 

95.76 

93.48 

1.92 

95.40 

2.30 

2.30 

169 
170 

Union  Springs, 
Union  Springs 

76.4 
76.8 

70.30 
69.90 

6.10 
5.80 

75.4 
75.7 

21.4 
21.64 

3.20 
2.66 

157 

South  Bethlehem.. 

91.5 

86.60 

4.20 

90.70 

7.80 

1  50 

150 

Blakeslee 

97.1 

97.60 

**'*** 

1.14 

152 
153 

MunxuBville 

Munnsville 

90.6 
96.2 

77.60 
93.75 

10.9 
2.10 

88.5 
95.85 

9.62 
3.46 

1.88 
.69 

*  Ground  limestone.        f  Screenings.        X  I^ust. 

RONDOUT  WATBRLIB4E.    (l8) 

The  Rondout  follows  the  Manlius  rather  closely  in  outcrop.  In 
Onondaga  County  it  reaches  a  thickness  of  60  feet,  while  in  the 
Schoharie  region  it  is  over  40  feet  thick.  It  marks  a  transition  stage 
between  the  gray-colored  dolomites  below,  the  Bertie  and  CobleskiU, 
and  the  purer  Manlius  stone  above,  with  less  magnesium.  The  for- 
mation ooDsists  of  gray  dolomite  interstratified  with  shaly  dolomites 
to  argillaceous  shales.  Some  of  the  layers  near  the  base  are  rich 
in  oelestite  crystals  which  on  weathering  out  give  the  rock  a  ver- 
micular texture.  In  the  eastern  part  of  the  State  it  is  a  lime  sand- 
rock  with  remarkable  sand  crack  structure  in  many  places.  It  is 
used  a  great  deal  for  roads  and  rough  buildings,  but  not  to  any  ex- 
tent for  agricultural  purposes.  It  is  altogether  inferior  to  the  Manhus. 
The  type  locality  is  at  Rondout  in  Dutchess  County. 
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CoicPosinoN  OF  RoNDOTrr  Watbbumx. 


Lab. 
No. 

SOTTBGB  OF  SaUPLE. 

Carbon- 
ate 
equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 

alumina, 

water, 

etc.;  by 

difference. 

148 

Perct. 
93.4 

Perct. 
87.4 

Perct. 
5.05 

Perct. 
92.45 

Perct. 
5.20 

Per  ct. 
2.35 

149 

Blakeslee 

84.8 

67.9 

22.7 

80.6 

15.34 

4.06 

COBLESKILL   DOLOMITE.    (19) 

This  stone,  sometimes  called  the  Coralline  limestone,  follows 
closely  the  Manlius  and  Rondout  in  outcrops.  In  Erie  County  it  is 
15  feet  thick,  in  the  Schoharie  region  20  feet.  Its  type  locaUty  is 
along  Cobleskill  Creek  in  Schoharie  County.  In  the  Buffalo  region 
it  is  a  dark,  subcrystalline,  dolomitic  limestone  in  uneven  layers, 
which  are  only  a  few  inches  thick  and  are  separated  by  carbonaceous 
seams.  It  weathers  to  a  buff  or  brown  and  often  becomes  porous 
due  to  the  weathering  out  of  a  small  fossil  and  the  crystallization  of 
supposed  magnesium  sulphate  in  the  limestone  mud.  When  of  this 
porous  character  it  is  called  "  bullhead  "  or  *'  pumpkin  head  "  lime- 
stone. It  stands  weather  better  than  the  Bertie.  In  eastern  New 
York  the  rock  often  breaks  up  into  long  narrow  blocks  and  is  usually 
a  typical  lime  sandrock.  It  is  used  locally  to  quite  an  extent  and 
is  also  important  agriculturally. 

The  following  samples  show  its  composition  in  western  New  York. 

Composition  of  Cobleskill  Dolomite. 


- 

Carbon- 

Cal- 

Mag- 

Iron, 

Lab. 

ate 

cium 

nesium 

Total 

In- 

alumina. 

No. 

SouBGB  OF  Sample. 

equiva* 

carbon- 

carbon- 

carbon- 

soluble 

water. 

lent. 

ate. 

ate. 

ates. 

mattOT. 

etc.;  by 

Perct. 

Per  a. 

Perct. 

Perct. 

Perct. 

Per  a. 

96* 

Buffalo,  Erie  Co... 

98.04 

52.40 

38.45 

90.85 

6.58 

2.57 

97* 

98.52 

51.66 

39.48 

91.14 

6.08 

2.78 

08 

98.56 

51.87 

39.33 

91.20 

5.96 

2.84 

99 

98.72 

48.96 

41.92 

90.88 

5.74 

3.38 

114 

Phelps,  Ontario  Co. 

94.24 

60.78 

28.20 

88.98 

7.64 

3.38 

115 

96.12 

58.85 

31.50 

90.35 

6.92 

2.73 

116 

89.84 

59.50 

25.60 

85.11 

12.00 

2.89 

*  Ground  limestone. 
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BEBTIE  WATBBLIME.    (20) 

This  formation  outcrops  along  with  the  preceding  two  and  takes 
its  name  from  a  town  in  Ontario,  Canada,  west  of  Buffalo.  It  over- 
lies the  gypsum  of  the  Camillus  group,  and  in  the  S3rracuse  region 
is  about  50  feet  thick  as  a  maximum.  It  is  buff  or  gray  in  color, 
evenly  but  thinly  bedded.  The  layers  are  usually  separated  by 
carbonaceous  matter.  In  some  places  large  salt  cavities  occur.  In 
the  Hudson  River  VaUey  the  lower  waterlime  bed  is  known  as  Rosen- 
dale  waterlime  and  is  quarried  for  cement.  The  Bertie  is  also  used 
for  cement  in  western  New  York,  usually  the  layers  just  below  the 
Cobleskill.  Its  agricultural  use  is  limited.  Its  type  locality  is  at 
Bertie  in  Canada,  not  far  from  Buffalo. 

ROBBNDALE  WATERLIME.    (21) 

This  formation  is  very  closely  related  geologically  to  the  Bertie 
(see  Bertie  Waterlime) .  It  is  confined  to  a  rather  small  area  in  eastern 
New  York.  In  the  Schoharie  region  it  is  about  22  feet  thick.  The 
type  locality  is  at  Rosendale  in  Ulster  County. 

DECKER  FERRY  LIMESTONE.    (22) 

This  formation  is  the  equivalent  of  the  Bertie  of  western  New  York. 
Its  type  locality  is  at  Decker  Ferry.  It  is  found  in  Orange  and 
Ulster  counties,  the  section  at  Accord,  Ulster  County,  being  prac- 
tically a  complete  one.  In  the  Skunnemunk  Mountain  region  in 
Orange  County  it  is  closely  associated  with  the  Cobleskill.  In 
character  it  is  usually  brownish  in  color.  Some  of  the  layers  are 
massive,  with  shaly  partings.  Corals  are  abundant.  The  stone 
usually  contains  appr^iable  quantities  of  magnesium,  as  shown  by 
the  analysis  of  several  typical  samples.  Its  agncultural  use  is  very 
limited. 

CoifPosinoN  or  Deckeb  Ferrt  Ltmbstonx. 


Lab. 
No. 

SOUBCB  OF  SaIIPIA. 

Carbon- 
ate 
equiva- 
leat. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
nmtter. 

Iron, 

alumina, 

water, 

etc.;  by 

difference. 

48 
49* 

Accord,  Ulster  Co. 

Perct. 

84.44 
80.50 

Perd. 
71.22 
68.24 

Perct, 
11.14 
10.33 

Perct. 

82.36 
78.57 

Perct. 
11.96 
12.80 

Perct, 
5.68 
8.63 

*  Ground  limestone. 


GT7ELPH  AND  LOCKPORT  DOLOMITES.    (27  &  28) 

These  formations,  embraced  under  the  term  Lockport  series,  are 
confined  to  western  New  York  and  reach  a  thickness  in  the  Niaj^ara 
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region  of  over  260  feet,  their  type  localities  being  at  Guelph  in  Onta- 
rio, Canada,  and  at  Lockport  in  Niagara  County.  This  series  is 
characterized  by  two  distinct  faunas.  In  the  region  of  Rochester 
and  above  the  Rochester  shale  are  62  feet  of  Lockport  Dolomite 
followed  by  three  feet  of  Guelph  Dolomite  known  as  Lower  Shelby. 
Then  follows  32  feet  of  Lockport  Dolomite  and  finally  8  to  10  feet 
of  Guelph  dolomite,  the  latter  known  as  Upper  Shelby.  The  lower 
portion  of  the  series  contains  considerable  clay  as  a  transition  from 
the  shales  below.  The  formation  is  also  called  Niagara  limestone. 
It  is  usually  a  very  dark,  in  places  a  black,  dolomite,  containing 
many  cavities  or  geodes  lined  with  calcite  or  dol(»nite  crystals.  In 
places  it  is  often  somewhat  concretionary  and  at  other  horizons 
highly  bituminous  indicating  probable  coral  reef  origin.  It  is  quite 
resistant  and  often  shows  strong  relief.  A  large  part  of  it  is  heavily 
covered  with  drift.  Some  parts  of  the  formation  make  a  fairly 
good  building  stone.  It  is  also  used  to  some  extent  for  agricultural 
purposes.  Both  formations  are  usually  distinctly  dolomitic.  Some 
typical  samples  of  Lockport  showed  the  following  composition. 

Composition  of  Lockport  Dolomttb. 


Lab. 
No. 

Source  of  Sample. 

Carbon- 
ate 
equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 

lUumina, 

water, 

etc.;  by 

difference. 

67 

North  Rose, 
Wayne  Co. 

Per  ci. 
103.36 

Per  ct. 

54.78 

Per  ct. 
40.93 

Per  ct. 
95.71 

Per  ct, 
2.16 

Per  ct, 
2.13 

84* 
85* 

Medina,  Orleans, 
Co. 

105.44 
104.92 

53.75 
63.75 

45.08 
45.50 

97.30 
96.11 

2.42 
2.52 

0.28 
0.62 

Lockport,  N.  Y . . . 
Rochester 

• 

95.95 
107.53 

56.19 

Oudph 
56.01 

33.42 

Dohmile. 
43.30 

89.61 
99.31 

*  Ground  limestone. 

IRONDEQUOIT  LIMESTONE.    (29) 

This  formation  is  the  upper  limestone  member  of  the  Clinton  beds 
and  is  confined  to  western  New  York,  its  type  locality  being  at 
Irondequoit  in  Monroe  County.  It  consists  of  numerous  layers  of 
Umestone  separated  by  bands  of  shale.  The  lower  shale  is  greenish 
and  the  upper  gray  in  color.  Some  of  the  rock  is  crystalline  in  struc- 
ture being  made  up  of  broken  corals  and  shells.  At  the  top  of  the 
formation  are  numerous  reef-like,  lenticular  structures  made  up  of 
inasses  of  bryozoan  fossils,  while  the  Rochester  shale  above  is  often 
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ardied  over  these  masses.  The  rock  is  variable  in  compoeition  and 
often  eontains  much  iron  pyrite,  giving  it  a  red  color.  It  is  of  small 
importanoe  commercially  at  present. 

wolcott  umbstone.  (30) 

This  limestone  occurs  along  with  the  Irondequoit  and  Lockport, 
in  western  New  York.  The  Wolcott  and  Irondequoit  formations 
together  are  known  as  Clinton  limestone.  The  type  locality  for  the 
Wdoott  is  at  the  place  of  that  name  in  Wayne  County.  At  Rochester 
the  formation  is  14  feet  thick.  It  has  a  crystalline  appearance  and 
considerable  power  of  resisting  heat;  therefore  has  been  used  to  some 
extent  as  a  firestone  for  chimneys  and  hearths.  It  contains  many 
associated  minerals  such  as  gypsum,  barite,  chalcopyrite  and  quartz. 
Agriculturally  it  is  beginning  to  be  utiUzed  to  some  extent.  It  is 
a  calcium  stone,  containing  usually  3  to  7  per  ct.  magnesium  car- 
bonate. 

The  following  samples  from  a  quarry  at  Pekin  in  the  Niagara 
region,  gives  an  idea  of  its  composition. 

Composition  of  Wolcott  Limestone. 


Carbon- 

Cal- 

Mag- 

Iron, 

Lib. 

ate 

cium 

nesium 

Total 

In- 

alumina, 

No. 

SouBCx  OF  Sample. 

equiva- 

carbon- 

carbon- 

carbon- 

soluble 

water, 

lent. 

ate. 

ate. 

ates. 

matter. 

etc.;  by 
difiference. 

Perct, 

Perct. 

Perct. 

Perct. 

Perct. 

Perct. 

I10» 

Peldii,  Niagsn  Co. 

92.90 

85.00 

6.66 

91.66 

5.01 

3.32 

111* 

92.24 

84.58 

6.45 

91.03 

4.86 

4.11 

113 

98.28 

94.16 

3.47 

97.63 

0.62 

1.75 

112 

98.24 

93.12 

4.31 

97.43 

0.26 

2.31 

^Gfoond  limestone. 

TRENTON  LIMESTONE.    (31) 

From  an  agricultural  standpoint  the  Trenton  ranks  as  one  of  the 
most  important  limestones  of  the  State.  It  is  widely  distributed 
throu^  central,  east  central  and  northern  New  York.  It  varies 
in  thickness  from  very  little  to  475  feet  in  Lewis  County.  It  is  a 
stricdy  calcium  stone  often  containing  as  high  as  96  to  98  per  ct .  calcium 
carbonate.  Its  type  locality  is  at  TVenton  Falls  in  Oneida  County. 
Typical  outcrops  consist  oi  dark,  thin-bedded,  irregular,  compact 
fin^stone,  with  shaly  partings.  Many  of  its  beds  are  a  mass  of  fossil 
shells.  With  the  thm  beds  are  often  associated  thicker,  almost 
massive,  beds  of  dark  blue  stone  which  are  more  abundant  in  the 
upper  Trenton  than  in  the  lower.  The  upper  extreme  portion  is 
very  ahaly,  forming  transition  beds  to  the  Utica  Shale.    The  stone 
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is  quite  soluble  and  easily  dissolved  out  by  streams,  often  forming 
stream  gorges.  Brachiopod,  trilobite,  coral  and  crinoid  fossils  are 
abundant.  The  upper  portion  of  the  formation  is  used  for  building. 
Enormous  quantities  of  the  stone  have  been  burned  and  many  quar- 
ries are  producing  lime  and  limestone  for  agricultural  use. 


Composition  of  Tbenton  Limestone. 


Lab. 

No. 

SouBCE  OF  Sample. 

Carbon- 
ate 

equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 

alumina, 

water, 

etc.;  by 

difference. 

17 
18 

Prospect,  Oneida 
Co. 

Perd, 
94.40 
96.12 

Perd. 
92.72 
96.00 

Perd. 
1.42 

Perd. 
94.14 

Perd. 
4.90 
2.36 

Perd. 
0.96 

19 

Salisbury, 
Herkimer  Co. 

89.78 
95.52 

89.68 
95.43 

7.28 
3.30 

20 

30 
31 

St.  Johnsville, 
Montgomery  Co. 

91.92 
93.80 

85.28 
93.47 

5.60 

90.88 

4.34 
5.03 

4.78 

GLENS  FALLS  LIBfESTONE.    (32) 

This  limestone  is  the  basal  member  of  the  Trenton  beds  and  occurs 
in  the  vicinity  of  Glens  Falls,  Warren  County,  which  is  its  type 
locality.  In  the  region  of  Saratoga  it  reaches  a  thickness  of  50  feet, 
where  it  overUes  the  Amsterdam  limestone.  It  is  usually  thin-bedded, 
with  shale  partings.  Fossils  are  numerous.  At  the  base  is  a  thin 
conglomeratic  layer,  indicating,  along  with  pebbles  in  other  portions, 
that  the  formation  is  probably  of  shallow  water  origin.  It  is  used 
to  some  extent  commercially  and  agriculturally. 

Composition  of  Glens  Falls  Limestone. 


Lab. 
No. 

SoxTRCB  OF  Sample. 

Carbon- 
ate 
equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Lron, 

alumina, 

water, 

etc.;  by 

difference. 

23 
24 
26 

Canajoharie, 
Montgomery  Co. 

Perd. 
76.32 
85.44 
96.64 

Perd. 
58.92 
78.62 
96.36 

Perd. 

14.66 

5.75 

Perd. 
73.58 
84.37 

Perd. 

23.07 

13.94 

2.22 

Perd. 
3.35 
1.09 

34 

Saratoga,  Saratoga 
Co. 

96.72 

92.12 

3.90 

96.02 

1.78 

2.20 
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AMSTERDAM  LIMESTONE.    (33) 

Underlying  the  Glens  Falls  limestone  in  the  Saratoga  and  Glens 
Falls  r^on  is  about  10  feet  of  Umestone  known  as  AiMterdam.  It 
reaches  a  Tnaximnm  thickness  of  50  feet.  Its  type  locaUty  is  at  Am- 
sterdam in  Montgomery  County.  It  is  a  pure,  massive,  gray  to  blue 
czystalline  stone.  At  Glens  Falls  it  is  quarried  as  so  called  "  Black 
Marble.''  It  is  usually  somewhat  thin-bedd^,  crystaUine  and  fos- 
siliferous.  CoounerciaJly  it  is  an  excellent  source  of  quicklime  and 
ground  limestone.  Calcium  carbonate  usually  runs  high,  often  as 
much  as  98  per  ct.  with  very  Uttle  magnesium.  The  samples  from 
Gleos  Falls  show  its  high  calcium  character. 

CoMPOSinoN  OF  Amsterdam  Limistone. 


Lab. 
No. 

SouBGB  OF  Sample. 

Carbon- 
ate 

equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 

alumina, 

water, 

etc.;  by 

difference. 

25 

Ca&aj<^iarie, 
Montgomery  Co. 

Per  a. 

88.44 

Per  et. 
81.33 

Per  ci. 
5.99 

Per  ct. 
87.32 

Per  ct. 
8.94 

Per  ct. 
3.74 

32 

Glens  Falb, 
Warren  Co. 

99.08 
98.68 

98.46 
97.50 

' '0.9S 

'98.'48 

0.98 
1.31 

33 

0.21 

WATERTOWN  LIMESTONE.    (34) 

This  formation  is  confined  largely  to  the  Thousand  Island  region 
and  belongs  to  the  so-called  Black  River  beds  which  reach  a  maximum 
thickness  of  71  feet  in  the  Champlain  Valley.  Its  type  locality  is 
at  Watertown  in  Jefferson  County.  It  is  a  solid  bank  of  dark  bluish 
gray  to  black  limestone  with  indistinct  bedding  planes.  When 
fredi  it  is  very  hard  and  contains  numerous  calcite  crystals,  worm 
tubes  and  sand  seams.  The  fresh  stone  furnishes  large  blocks  but 
weathers  to  smaller  blocks.  The  formation  contains  one  layer  known 
as  the  7-foot  tier.  Above  this  tier  the  stone  is  black,  knotty  and  im- 
pure and  contains  much  organic  matter,  while  the  cavities  and  cham- 
bers of  the  fossils  present  are  often  filled  with  petroleum.  It  is  of 
some  importance  as  a  source  of  lime. 

LERAT  LIMESTONE.    (35) 

This  is  another  member  of  the  Black  River  Beds.  It  is  sometimes 
considered  as  the  upper  part  of  the  Lowville  in  the  Thousand  Island 
Re^Qn,  where  it  is  about  13  feet  thick.  Its  type  locaUty  is  Lerays- 
viDe  in  Jefferson  County.  It  is  a  dark  gray  to  black  or  dove-colored 
fimestoney  heavily  bedded  with  layers  of  black  chert  nodules  inter- 
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mixed.    Weathering  breaks  the  stone  into  smaD  cubical  blocks  the* 
size  of  the  fist,  caused  by  the  presence  of  mud  seams.    It  is  of  less 
importance  agriculturally  than  the  Watertown  or  Lowville. 

LOWYHJiE  LIMESTONE.    (36) 

This  is  the  so-called  ''  Birdseye  Limestone/'  also  a  member  of  the 
Black  River  Beds.  It  is  quite  widely  distributed  in  northern  and 
north  central  New  York.  On  the  Black  River  it  attains  a  thickness 
of  60  feet;  type  locality  at  Lowville  in  Lewis  County.  It  is  an  im- 
palpably  fine  grained  stone  of  light  dove  color  and  filled  with  dark 
colored  vertical,  columnar  fucoidal  stems.  The  fracture  is  smooth 
and  conchoidal,  the  stone  being  rather  brittle.  These  fucoidal  steins 
are  those  of  a  branching  coral  and  being  replaced  by  calcite,  appear 
on  the  surface  of  the  stone  as  "  birdseyes  ",  hence  the  name.  It  is 
usually  fairly  thick-bedded,  with  vertical  jointing.  It  weathers  to  a 
whitish  or  fight  ash  gray  tint  which  is  characteristic.  This  stone 
is  quite  important  commercially,  being  used  for  building  and  to  con- 
siderable extent  for  agricultural  purposes.  It  is  usually  a  rather 
pure  calcium  stone  varying  from  90  to  97  per  ct.  calcium  carbonate. 
Its  composition  is  indicated  by  the  analysis  given  in  the  table  below. 

Composition  of  Lowville  Liuestonk. 


Carbon- 

Cal- 

Mag- 

Lt>n, 

Lab. 

ate 

cium 

iiffidiifn 

Total 

In- 

alumina, 

No. 

Source  of  Sample. 

equiva^ 
tent. 

carbon- 

carbon- 

carbon- 

soluble 

water, 

ate. 

ate. 

ates. 

matter. 

etc.;  by 

difference. 

Peret. 

Pcrd. 

Perct. 

Perct. 

Perd. 

Perd. 

1 

ChAumont, 

97.40 

96.20 

1.02 

97.22 

1.78 

1.00 

2 

JefFeraon  Co. 

94.16 

89.66 

3.80 

93.46 

4.80 

1.74 

3 

93.76 

89.26 

3.80 

93.06 

6.27 

1.67 

4* 

93.76 

92.93 

5.79 

8* 

Deoleyy  Oneida  Co. 

93.30 

92.60 

0.67 

93.17 

6.74 

1.09 

9 

97.40 

97.55 

1.99 

•  ••««••*' 

10 

95.76 

95.41 

3.50 

11 

96.84 

79.41 

14.68 

94.09 

2.40 

3.61 

92t 

94.92 

92.70 

1.87 

94.67 

3.07 

2.36 

93* 

91.64 

90.62 

.86 

91.48 

5.78 

2.74 

94* 

86.28 

84.80 

1.25 

86.05 

9.74 

4.21 

95* 

96.16 

93.75 

2.03 

95.78 

3.18 

1.04 

89 

Newport, 

92.24 

89.37 

2.42 

91.79 

6.38 

1.83 

90 

Herkimer  Co. 

90.00 

87.92 

1.75 

89.67 

6.90 

3.43 

154 

90.8 

87.7 

2.60 

90.30 

8.4 

1.30 

155 

' 

91.8 

90.6 

1.00 

91.60 

6.00 

2.40 

*  Ground  limestone.        t  Screenings. 


Lowille  IJmestoDe  near  Newport,  N.  Y. 


CryBtalline  UmestoDe  near  Verplanck  Point  on  tbe  Hudson  River. 


h 


New  York  Agricultural  Experiment  Station. 


97 


CHAZY  LIHEBTONE.    (37) 

The  Chassy  formation,  though  confined  to  the  Champlain  Valley, 
is  an  important  limestone  commercially  and  in  point  of  thickness, 
being  890  feet  thick  on  Valcour  Island  in  Lake  Champlain.  Its  type 
locality  is  at  Chazy  in  Clinton  County.  It  is  made  up  of  three  mem- 
bers and  on  Valcour  Island  their  relations  are  as  follows: 

1.  Valcour  Limestone,  or  Upper  Chazy,  202  feet  thick.  The 
lower  layers  are  dove  colored,  compact,  more  or  less  massive  limestone. 
The  upper  layers  are  arenaceous,  magnesium  limestone  passing  into 
fine  sandstone.  The  stone  is  primarily  a  calcium  one  usually  having 
95  per  ct.  or  more  of  calcium  carbonate. 

2.  Crown  Point  Limestone,  or  Middle  Chazy  —  350  feet  thick. 
This  division  is  a  nodular  stone  below  and  a  heavy  massive  pure 
stone  above.  The  main  mass  is  bluish  black  in  color  and  thick- 
bedded  with  a  fine  grain,  weathering  to  a  lighter  color. 

3.  Day  Point  Limestone  or  Lower  Chazy  —  338  feet  thick.  This 
lower  division  is  sandy  at  the  base  while  the  main  part  is  dark  blue 
to  gray  and  somewhat  impure.  The  beds  are  8  to  20  feet  thick, 
rather  uneven,  and  separated  by  seams  of  earthy  matter. 

The  Chazy  limestone  is  an  important  one  in  the  lime  industry  of 
northeastern  New  York,  furnishing  abundant  material  for  lime, 
flux  and  ground  limestone.  It  is  a  high  calcium  stone,  often  contain- 
ing 98  per  ct.  calcium  carbonate  and  only  a  small  amount  of  magne- 
sium.   Its  character  can  be  seen  from  the  analyses  given. 

Ck)MPosinoN  OF  Chazy  Lucestonk. 


Caibon- 

Cal- 

Mag- 

Iron, 

Ith. 

ate 

cium 

nesium 

Total 

In- 

alumina, 

No. 

SOUBCB  OF  SaMPIiB. 

equiva- 

carbon- 

carbon- 

carbon- 

soluble 

water, 

lent. 

ate. 

ate. 

ates. 

matter. 

etc.;  by 
difference. 

Perd, 

Per  a. 

Per  a. 

Perct, 

Perct. 

Perd. 

56* 

Chasy, 

92.40 

89.00 

2.88 

91.88 

6.22 

2.90 

57 

CKnton  Co. 

05.00 

93.18 

1.63 

94.71 

1.15 

4.14 

56 

96.40 

94.86 

1.30 

96.16 

1.26 

2.59 

59 

96.60 

94.44 

1.82 

96.26 

1.82 

1.92 

^Gfofuid 

PAlfELIA  LIMESTONE.    (38) 

The  Pamelia  formation  in  its  typical  outcrops  is  found  in  Jeffer- 
son County  and  the  Thousand  Islands  region,  where  it  reaches  a 
thickness  of  150  feet.  Its  type  locality  is  at  Pamelia  in  Jefferson 
County.  The  basal  portion  consists  of  a  sandy  conglomerate,  above 
which  are  calcareous  sandstones.  Then  follows  the  main  mass  of 
the  formation  which  consists  of  thin  and  thick  beds  of  whitish  gray 
to  blue  gray  impure  limestone.    Some  of  the  upper  gray  beds  are 
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magnesium  in  character  and  have  been  burned  for  cement  locally. 
As  a  whole  the  formation  is  a  mass  of  earthy  limestones  of  no  great 
importance  agriculturally. 

BBEKMANTbWN  FORMATION   (CALdFEROUS).    (39) 

In  the  Champlain  Valley  this  formation  assumes  great  thickness 
(1800  feet)  fdthough  it  is  not  a  limestone  throu^out.  In  fact  in 
the  d^tribution  through  northeastern,  eastern  and  southeastern 
New  York  it  contains  admixtures  of  sandstones  in  most  places.  Ac- 
cording to  fauna  and  lithic  character  the  formation  is  divided. into 
5  divisions  iisually  designated  as  A,  B,  C,  D  and  E,  the  latter  one,  E, 
together  with  part  of  D,  being  known  as  Cassin  beds. 

The  Cassin  beds  (690  feet)  consist  of  sandy  limestones  with  thin 
beds  of  blue  limestone.  The  upper  part  is  a  fine-grained,  magne- 
sium stone  weathering  to  drab  or  yellow.  Divisions  C  (350  feet) 
and  D  (in  part  155  feet),  besides  sandstones,  also  contain  magnesium 
limestones,  part  of  C  having  some  rather  thick  beds.  Division  B 
(295  feet)  consists  of  dove  limestone  intermingled  with  gray  dolomite 
in  massive  beds  12  to  15  feet  thick.  This  division  contains  some 
good  limestone.  Division  A  (310  feet)  consists  of  dark  gray  magne- 
sium limestone  in  1  to  2  foot  layers.  The  stone  is  impure  containing 
nodules  of  chert  and  other  silicious  matter. 

From  its  rather  mixed  and  impure  character  the  Beekmantown 
is  of  less  importance  than  some  of  our  other  formations.  A  few 
quarries,  however,  are  using  Beekmantown  for  agricultural  purposes. 
(!)alcium  carbonate  rarely  runs  over  50  per  ct.  while  the  stone  may 
contain  as  high  as  30  per  ct.  magnesium  carbonate.  The  composi- 
tion of  the  samples  in  the  table  shows  its  magnesium  character. 


Composition  or  Bbbkmamtown  Limbstonb. 


Lab. 
No. 

SoimoB  or  Samplb. 

Carbon- 
ate 

equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesiuin 
carbon- 
ate. 

Total 
carbon- 
ates. 

Li- 
soluble 
matter. 

alumina, 

water, 

etc.;  by 

difference. 

54 
55 

OgdcDsburg, 
St.  Lawrence  Co. 

Perd, 
76.24 
84.28 

Peret, 
41.08 
48.40 

Peret. 
29.62 
30.23 

Perd. 
70.70 
78.63 

Perd. 
27.70 
17.49 

Perd. 

1.60 
3.88 

TRIBES  HILL  LIMESTONE.    (4l) 

This  formation  is  correlated  with  the  Beekmantown  of  the  Cham- 
plain  Valley.  It  is  found  in  the  Mohawk  Valley  in  the  region  of 
Tribes  Hill,  Montgomery  County,  where  it  is  168  feet  thick,  also 
in  the  Thousand  Islands  region,  where  it  has  a  thickness  of  30  feet. 
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The  jQame  ''  fucoidal "  is  sometimes  applied  to  this  limestone.  It  is 
usually  a  dark  blue,  fine-grained  stone,  somewhat  arenaceous,  and 
co&taiDs  fucoidal  markings.  It  weathers  nearly  white  in  places. 
The  layers  are  often  rather  massive  and  resemble  the  Lowiolle  to 
8(XDe  extent.    It  is  of  some  importance  agriculturally. 

LITTLE  FALLS  DOLOMITE.    (42) 

The  name  indicates  the  locahty  in  which  this  dolomite  is  found. 
In  the  Saratoga  region  it  reaches  a  thickness  of  400  feet.  Hhie  stone 
is  of  rather  uniform  character  throughout,  being  a  pale  blue-gray, 
fine-grained  crystalline,  dolomitic  limestone.  It  weathers  to  a  light 
gray  or  buff.  It  is  distinctly  bedded  in  layers  1  inch  to  18  inches 
thick.  A  striking  feature  of  this  stone  consists  of  cavities  lined 
with  quartz  crystals  and  sometimes  dolomite  and  calcite  crystals. 
The  quartz  crystals  are  remarkable  for  clearness  and  such  rock 
is  known  as  "  diamond "  rock.  Twenty  to  40  feet  above  the 
base  is  a  persistent  layer  of  angular  chert  fragments,  while  cavi- 
ties occur  at  places  filled  with  carbonaceous  matter  resembling 
anthracite. 

This  stone  is  of  considerable  importance  commercially.  It  makes 
a  lime  which  sets  very  hard  but  is  difficult  to  slake.  It  is  distinctly 
dolonutic,  rarely  containing  less  than  20  per  ct.  magnesium  carbon* 
ate,  and  more  than  55  per  ct.  calcium  carbonate.  The  few  samples 
analyzed  indicate  its  general  character. 


CoicposinoN  or  Lnrui  ¥aua  Doloiotb. 


Carbon- 

Cal- 

Mag- 

Iroui 

L>b. 

ate 

nesium 

Total 

In- 

ahimina, 

No. 

SotTBGB  OF  SaMFUI. 

equivft- 

carbon- 

carbon- 

carbon- 

soluble 

water, 

lent. 

ate. 

ate. 

ates. 

matter. 

etc.;  by 
oifFerenoe. 

PereL 

Perd. 

Perct. 

Perd. 

PercL 

Perd. 

79t 

PUtenonviUe, 

69.60 

44.18 

21.42 

65.60 

30.18 

4.22 

m 

8eheo6etady  Co. 

93.04 

52.70 

33.99 

86.69 

10.90 

2.41 

81 

82.72 

50.67 

27.10 

77.67 

21.15 

1.18 

tDust. 


HOTT  LIMESTONE.    (43)| 


This  formation  derives  its  name  from  a  quarry  in  the  Saratoga 
region  where  the  rock  outcrops.  In  this  region  its  mayimum  thick- 
ness is  100  feet.  It  is  sometimes  r^arded  as  a  basal  phase  of  the 
Little  Falls.  The  formation  is  found  in  a  number  of  localities  in 
Saratoga  and  Washington  counties.  The  formation  consists  of 
alternating  beds  of  limestone  and  dolomite,  usually  thin-bedded 
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and  dark  to  black  in  color.  In  the  lower  part  several  beds  of  black 
oolite  occur  and  fossils  are  numerous.  There  are  very  few  massive 
beds  and  the  dip  of  the  strata  is  strongly  southwest.  Its  local  oo- 
currence  gives  the  stone  only  limited  commercial  value. 

THERESA  dolomite.    (45) 

This  formation  forms  a  perfect  transition  between  the  Potsdam 
sandstone  and  the  Little  Falls  dolomite.  It  is  found  mainly  in  the 
Thousand  Islands  region  where  it  is  about  70  feet  thick  and  in  the 
Saratoga  r^on  where  it  attains  a  thickness  of  200  feet.  Its  type 
locality  is  at  Theresa  in  Jefferson  County. 

The  formation  consists  of  alternating  beds  of  pure-gray,  fine- 
grained sandstone  and  blue-gray,  fine-grained  dolomitic  limestone. 
The  beds  are  usually  rather  thin.  The  dolomite  closely  resembles 
the  Little  Falls.  It  contains  similar  cavities  lined  with  calcite  and 
quartz  crystals.  The  base  of  the  formation  is  very  sandy.  Ripple 
marks  and  cross  bedding  are  common.  In  places  this  limestone  is 
sufficiently  pure  for  industrial  use.  Its  agricultural  value  at  present 
is  small. 

WAPPINGER  AND  FISHKILL  LIMESTONES.    (46) 

In  southeastern  New  York,  especially  in  Dutchess,  Ulster  and 
Orange  Counties,  are  two  rather  pecuUar  belts  of  limestones  which  on 
account  of  their  position  and  complex  origin  are  considered  together. 
Both  are  complex  in  structure,  having  been  greatly  crushed  and 
changed  from  their  original  condition.  Their  age  varies  from  lower 
Cambrian  to  Trenton. 


Ck>lCPOBITION 

OF  WaPPINGBB  LnfESTONB. 

Lab. 
No. 

Source  or  Sample. 

Carbon- 
ate 
equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 

ahimina, 

water, 

etc.;  by 

difference. 

38 
39 

Newburgh,  Orange 
Co. 

Per  a, 
100.76 
100.12 

Perci. 
56.70 
56.78 

Perd, 
37 .  12 
37.36 

Perd. 
93.82 
93.13 

Perct, 
2.61 
5.16 

Perd. 
3.67 
1.71 

40 
41 
42 

Lagrange  ville, 
Dutchess  Co. 

99.62 
101.84 
103.68 

66.21 
66.14 
60.04 

36.50 
38.50 
36.76 

92.71 
94.64 
96.80 

6.74 
4.66 
1.78 

1.65 
0.81 
1.42 

169t 

161 

162 

Stoneoo, 
Orange  Co. 

63.8 
105.2 
105.7 

35.5 
66.6 
66.4 

23.8 
41.8 
42.4 

69.3 
97.4 
97.8 

39.76 
1.84 
1.38 

.94 
.76 
.82 

*  Ground  limestone.       f  Used  for  ai^halt. 
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The  western  belt  is  referred  to  as  Wappinger  (sometimes  Bamegat) 
limestone  and  occurs  along  Wappinger  Creek  in  Dutchess  County. 

The  eastern  belt  occurs  around  Fishkill  Village,  north  of  the  Fisb- 
kiU  Mountains,  and  is  known  as  Fishkill  Limestone. 

These  limes4>nes  were  originally  water  lain  but  have  since  been 
dianged  by  folding,  crushing  and  intrusions  of  other  rocks  into  them, 
80  that  at  present  we  find  them  mixed  with  slates,  gneisses,  quartzites, 
and  many  other  intrusions.  Their  composition  varies  from  high 
calcium  to  dolomitic.  In  many  places  the  stone  is  compact,  fine  in 
texture,  dark  to  light  in  color  and  strongly  bedded.  Much  of  it 
is  massive.  Even  where  stratification  is  plainly  indicated  the  stone 
varies  in  character.  In  some  places  it  is  very  finely  crystalline, 
bdng  almost  a  micromarble.    Fossils  are  scarce. 

The  Wappinger  belt  is  thought  to  be  over  1000  feet  thick.  Both 
belts  contain  some  good  limestones  which  have  considerable  impor- 
tance conmiercially.  A  number  of  samples  analyzed  were  rather 
pore  dolomites,  containing  as  high  as  40  per  ct.  magnesium  carbonate. 


INWOOD  LIMESTONES.    (48) 

To  the  south  of  the  Wappinger-Fishkill  belts  is  another  belt  of 
metamorphic  limestones  known  as  Inwood  (sometimes  Stockbridge 
Dolomite).  It  runs  as  far  south  as  New  York  City  where  it  is  200 
to  800  feet  thick.  Inwood  is  a  locality  in  New  York  City  near  the 
Bronx.  This  limestone  is  everywhere  coarsely  crystalline,  either 
massive  or  strongly  bedded.  Like  the  Wappinger  and  Fishkill 
limestones,  it  contains  quantities  of  secondary  minerals  such  as  mica, 
quarts  and  silicates.    It  is  essentially  a  dolomite.    In  many  places 

CoicpoBiTioN  or  Inwood  Lihsstone. 


Lab. 
No. 

SouBca  or  Sample. 

Carbon- 
ate 

equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 

alumina, 

water, 

etc.;  by 

difference. 

35* 

»t 
27 

YerpUnckPt, 
Westdiester  Co. 

Perct. 
93.32 
88.80 
02.60 

Perd. 
51.10 
49.70 
50.61 

Perct. 
35.57 
32.94 
35.38 

Perd. 
86.67 
82.64 
85.99 

Perd. 
10.50 
15.22 
12.86 

Perd. 
2.83 
2.14 
1.15 

43t 
44 

4&i 

LfOfver  naina, 
DatefaeflBCo. 

94.08 

99.08 

103.40 

53.76 
51.77 
54.08 

34.00 
39.86 
41.55 

87.76 
91.63 
95.63 

5.47 
5.87 
2.19 

6.77 
2.50 
2.18 

158 
171 

VerpIaiiekPt. 

76.8 
79.7 

46.3 
47.5 

25.7 
27.1 

72.0 
74.6 

26.2 
22.0 

1.80 
3.40 

*  Screeningii-    t  Bust.       |  Ground  limestone.        {  Natural  dolomitic  sand. 
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it  weathers  to  a  fine,  white,  dolomite  sand,  so  that  the  soil  in  those 
regions  is  often  heavily  charged  with  such  sand.  Many  of  the  beds 
are  nearly  vertical  so  that  weathering  and  decay  take  place  to  great 
depths.  It  contains  no  fossils.  The  Inwood  limestone  is  quite 
important  industrially.  A  number  of  quarries  are  using  it  for 
production  of  agricultural  lime.  It  often  contains  almost  the  the- 
oretical dolomite  percentage  of  calcium  and  magnesium  carbonate. 

gbbnville  and  franklin  limestones.  (40) 

These  two  lunestones  are  representatives  of  the  Precambrian  in 
New  York.  The  GrenviUe  is  erratically  distributed  through 
northern  and  northeastern  New  York,  the  Franklin  is  found  in  oiSy 
a  small  locality  in  southern  Orange  Coimty.  The  term  Grenville 
is  from  Grenville  in  Canada  and  includes  a  great  series  of  limestones, 
gneiss,  quartzite,  schist,  etc.  These  formations  are  highly  meta- 
morphosed sediments,  among  the  oldest  rocks  of  which  we  have  any 
knowledge.  They  are  always  highly  crystalline,  with  great  range 
of  color,  from  pure  white  to  dark  blue-gray.  They  often  contain 
scattered  particles  of  other  minerals  such  as  the  silicates,  serpentine 
and  tremolite,  also  graphite,  pyrite,  titanite  and  many  others.  The 
Grenville  of  northern  New  York  occurs  in  certain  broad  belts  and 
seems  to  favor  the  surface  depressions  indicating  that  intervening  beds 
have  probably  been  eroded  away.  Little  evidence  of  beddmg  is 
present  in  the  outcrops.    In  composition  they  vary  from  very  high 

CoMPOBinoN  or  the  GBENvnjjB  LnmsTONS. 


Lab. 
No. 

SouBcx  or  Sample. 

Carbon- 
ate 
equiva- 
lent. 

Cal- 
cium 
carbon- 
ate. 

Mag- 
nesium 
carbon- 
ate. 

Total 
carbon- 
ates. 

In- 
soluble 
matter. 

Iron, 
alumina, 

water, 

etc.;  by 

difference. 

5 

6 
7 

Natural  Bridge, 
Jefferson  Co. 

Per  d. 
06.40 
91.70 

108.00 

Per  ct. 
94.86 
90.65 
57.81 

Per  d. 

1.27 

0.88 

42.28 

Pw  d. 
96.13 
91.53 

100.09 

Per  d, 
3.72 
8.38 
0.16 

Per  d. 
0.15 
0.10 

Canton. 

100.1 
98.36 

88.67 
76.49 

9.53 
19.97 

98.20 
96.46 

Gouvemeur. 

98.56 

92.29 

4.28 

96.57 

160 
172 

Pine  Island, 
Orange  Co. 

96.6 
97.6 

94.5 
94.5 

1.80 
2.60 

96.3 
97.1 

2.14 
1.42 

1.56 
1.48 

173* 
174 

Gouvemeur. 

96.6 
99.1 

89.0 
92.3 

6.40 
5.70 

95.4 
98.0 

3.18 
1.22 

1.42 
.78 

*  Ground  limestone. 
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calcium  stone  to  practically  pure  dolomite.  In  the  regions  where 
tbey  are  foimd,  especially  the  Grenville,  they  are  of  importance 
ocmmkercially,  being  quarried  for  marble,  burned  for  lime  and  ground 
for  agricultural  use.  Some  of  the  high  calcium  stone  contains  as 
much  as  97  to  98  per  ct.  calcimn  carbonate,  while  the  magnesium 
stone  is  often  a  pure  dolomite. 

LIMESTONE  MAP. 

The  limestone  map  which  accompanies  the  bulletin  attempts  to 
show  the  extent  of  outcrop  of  the  more  important  limestone  forma- 
tions* or  groups  of  formations.  This  cannot  be  done  very  much  in 
detail  on  so  small  a  scale,  but  it  gives  at  a  glance  a  general  idea  of 
the  limestone  resources  of  the  State  as  a  whole.  For  more  detailed 
descriptions  the  reader  will  find  it  very  profitable  to  consult  the  geo- 
logical surveys  of  various  sections  of  the  State.  A  list  of  those  pub- 
lidbed  can  be  obtained  on  apphcation  to  the  New  York  State  Museum, 
Albany. 

Since  in  this  State  the  natural  outcrops  of  nearly  all  rocks  is  largely 
covered  with  glacial  drift  or  glacial  lake  deposits,  the  areas  of  workable 
limestone  are  by  no  means  as  extensive  as  may  at  first  be  inferred  from 
the  map.  Nevertheless  limestone  of  all  grades  can  be  obtained  in 
quantities  that  seem  inexhaustible. 

Where  a  formation  is  distinctly  interstratified  with  limestone  and 
calcareous  shales  it  is  all  represented  on  the  map  as  a  limestone 
foraiation,  although  the  area  of  actual  limestone  may  be  much 
smaller  than  indicated  by  the  extent  of  the  coloring.  This  is  true 
of  the  Niagaran  group  and  of  some  of  the  formations  represented  in 
St.  Lawrence  and  Jefferson  counties. 

STRATIGRAPHIC  COLUMNS. 

It  is  difficult  to  show  on  a  flat  map  the  stratigraphic  relations  of 
limestones  on  account  of  the  many  other  formations  which  separate 
them,  and  also  from  the  fact  that  two  formations  equivalent  in  age 
may  be  quite  different  in  character.  The  attempt  has  been  made 
to  ^ow  these  relations  by  colunms  and  conventions. 

On  account  of  the  many  formations  of  equivalent  age  but  different 
duuracter,  it  has  been  f oimd  necessary  to  prepare  two  sets  of  colunms, 
(me  for  iJie  eastern  and  one  for  the  western  half  of  the  state.  These 
colunms  show  the  relative  age  of  each  formation  and  its  stratigraphic 
poBitioa  in  relation  to  other  formations.  The  vertical  divisions  in 
the  column  indicate  that  the  formations  so  represented  are  of  equiva- 
lent age  but  quite  different  in  lithologic  or  faimal  character. 

The  great  thickness  of  some  formations  (for  example  the  Catskill 
and  Oneonta  beds,  2000  to  3000  feet  thick)  could  not  be  shown  in 
columns  of  sufficient  scale  to  show  the  limestones  also,  so  such  thick- 
nesses are  indicated  by  breaks  in  the  column. 
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The  approximate  thicknesses  in  feet,  together  with  the  corresponding 
localities,  are  also  given  on  the  left  of  the  columns  opposite  each 
formation.  Each  half  of  the  state  has  been  divided  into  three  sec- 
tions east  and  west,  and  on  the  right  of  the  stratigraphic  columns 
these  divisions  are  given  with  the  formation  and  group  names  op- 
posite the  corresponding  connections  in  the  columns.  Where  the 
stratigraphic  column  is  divided  vertically  the  divisions  correspond 
with  the  written  legends  at  the  right. 

It  is  not  the  purpose  to  convey  the  impression  that  the  columns  are 
an  accurate  representation  of  geological  succession,  since  many  of 
the  details  of  stratigraphy  are  at  present  obscure,  while  many  points 
are  still  coming  to  li^t  in  regard  to  certain  formations  and  their 
time  relations.  The  columns  are  rather  an  attempt  to  show  in  a 
graphic  way  with  reasonable  accuracy  the  geological  relation  and 
comparative  age  of  our  limestones,  with  a  view  toward  making  th«n 
more  familiar  and  understandable. 

TYPES  OF  LIMESTONE. 

An  absolutely  pure  limestone  would  be  composed  of  100  per  ct 
of  c£Jcium  carbonate  (CaCOs),  and  such  purity  is  approximated  in 
the  crystal  forms  such  as  Iceland  spar  and  aragonite. 

With  the  development  of  our  limestone  resources  the  term  lime- 
stone and  lime  have  gradually  acquired  a  broader  meaning  and  now 
include  besides  our  purer  calcium  stones,  our  dolomitic  stones  also, 
and  all  gradations  between  the  two.  The  materials  usually  present 
as  impurities  in  limestone  are  silica,  alumina  and  iron,  whidi  are 
almost  alwasrs  present  to  some  extent,  and  traces  of  many  salts  and 
minerals,  especially  the  clay  silicates.  Besides  these  constituents 
there  is  also  present  in  most  stones  more  or  less  organic  matter,  which 
may  be  a  trace  or  in  such  quantity  that  the  stone  approaches  a  bitumen 
in  character.  The  characteristic  color  of  limestone  is  due  to  the  pres- 
ence of  this  organic  matter,  except  in  some  cases  in  which  it  is  in- 
fluenced to  considerable  extent  by  iron  compoimds;  for  example  the 
Irondequoit  limestone.  The  relative  percentage  of  impurities  pres- 
ent in  the  stone  roughly  divides  our  more  important  carbonate 
rocks  into  a  number  of  groups  with  more  or  less  arbitrary  lines  d 
differentiation. 

We  may  have  a  stone  which  contains  a  high  percentage  of  sand 
which  results  in  a  silicious  limestone.  If  the  sand  pr^ominates* 
the  stone  would  be  a  calcareous  sandstone. 

If  clay  is  present  in  quantities  exceeding  the  carbonates  we  have 
a  calcareous  shale,  or  vice  versa,  a  shaly  or  argillaceous  limestone. 
All  kinds  of  variations  occur. 

The  second  and  more  important  classification  of  carbonate  rocks 
is  based  on  chemical  composition.    On  this  basis  we  have  three  types: 

1.  Calcium  limestones. 

2.  Magnesium  Umestones,  including  dolomite. 

3.  Hydraulic  limestones  or  waterlimes. 


LowviUe  Limestone,  Showing  Weathering  Effect  of  Solution  Along  the  Joint  PItuiea. 


LowviUe  limestone.    Pot  Holes  Showing  Solubility  of  Limestone  in  Runnintt  Water. 
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The  fiist  class  includes  those  stones  which  are  of  high  calcium 
content.    It  includes  such  stones  as  the  LowviUe,  Trenton  and  TuUy. 

Stones  of  the  second  class  contain  appreciable  quantities  of  mag- 
nesiuni  carbonate,  such  as  the  Beekmantown,  Little  FaQs,  Lockport, 
and  Wappinger  formations.  All  limestone  contains  some  magnesium, 
but  only  those  in  which  the  percentage  of  magnesium  begins  to  be 
an  important  factor  industrially  are  called  magnesium  stones.  This 
class  also  includes  dolomite  or  dolomitic  limestone  which,  on  accoimt 
of  its  importance,  is  discussed  in  detail  below. 

The  third  class  includes  impure  stones  containing  either  calciiun 
or  magnesium  carbonates  or  both,  along  with  admixtures  of  clay. 
They  have  the  property  of  setting  into  a  hard  mass  when  burned  and 
moistened.  They  are  the  basis  of  the  natural  cements.  The  Rond- 
out,  Bertie,  Rosendale  and  Cobleskill  may  be  cited  as  examples. 
This  class  is  of  relatively  small  importance  agriculturally  as  the  ma- 
jority of  waterlimes  are  low  in  carbonates  and  could  not  compete 
in  price  with  the  higher  grade  stones. 

Mention  should  also  be  made  of  marble  which  may  belong  to 
cither  class  1  or  2.  It  is  metamorphic  in  origin  and  differs  from 
ordinary  limestone  mainly  in  its  highly  crystalUne  texture.  The 
marbles  are  found  only  in  our  oldest  formations. 

The  importance  of  high  magnesium  limestones,  especially  from  an 
agricultural  standpoint  deserves  special  mention. 

Nearly  all  limestones  contain  some  magnesium  carbonate.  The 
percent-age  may  vary  from  a  trace  to  over  45  per  ct.  If  the  per- 
centage runs  over  40  the  stone  is  considered  a  practically  straight 
dolomite;  between 30  and  40  a  dolomitic  or  high  magnesium  limestone, 
and  over  10  per  ct.  simply  a  magnesium  limestone. 

The  origin  of  the  dolomites  is  somewhat  obscure.  Pure  dolomite 
18  made  up  of  54.27  per  ct.  of  calcium  carbonate  and  45.73  per  ct. 
magnesium  carbonate  and  has  the  composition  of  a  double  carbonate 
CaMg  (C08)2.  It  is  not  a  mixture  of  the  two  carbonates  but  a  dis- 
tinct mineral  species  with  a  definite  chemical  formula. 

The  significance  of  magnesium  limestones  to  agriculture  is  dis- 
cussed in  Bulletin  400  of  this  Station.  The  chemical  analysis  of  the 
cBfferent  stones  indicates  which  are  magnesium  and  dolomitic. 

ORIGIN  OF  LIMESTONE. 

Calcium  and  magnesium  are  among  the  most  abundant  elements 
in  the  earth's  crust.  Calcium  constitutes  0.05  per  ct.  of  the  ocean, 
magnesium  0.14  per  ct.  Calcium  makes  up  3.42  per  ct.  of  the  known 
crust  of  the  earth,  magnesium  2.27  per  ct.  Prior  to  the  formation 
of  aedimentary  limestones  the  calcium  and  magnesium  now  contained 
in  them  existed  in  the  form  of  such  minerals  as  calcite,  anorthite, 
garnet,  epidote,  amphibole,  pyroxene,  dolomite,  mica,  olivine,  talc, 
serpentine,  chlorite  and  others. 
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Carbon  dioxide  is  present  in  the  atmosphere  to  the  extent  of  about 
three  parts  in  ten  thousand.  Sea  water  at  ordinary  temperatures 
dissolves  about  45  milligrams  of  carbon  dioxide  per  liter. 

Carbon  dioxide  in  water  forms  the  so-called  carbonic  acid  which 
has  well-known  weak-acid  properties.  This  weak  acid  has  the  power 
of  gradually  decomposing  silicates,  transforming  them  into  carbo- 
nates. Thus  the  mineral  tremolite  when  acted  upon  by  carbonatekl 
water  gradually  undergoes  the  following  transformation: 

Mgs  Ca  Si4  Oi2  +  HiCOs  -♦  Mg,  H,  Si4  O12  +  CaCOs 
Tremolite  Carbonated  Talc         Calcium  carbonate 

water 

The  mineral  -augite,  in  a  similar  way,  passes  over  into  carbonates 
of  calcium,  magnesium  and  iron,  leaving  behind  ordinary  clay,  iron 
oxide  and  silica.  This  carbonation  process  is  universal  in  nature 
and  contributes  more  of  the  material  dissolved  in  waters  which  flow 
from  the  land  than  any  other  process.  Now  these  resulting  calcium 
and  magnesium  carbonates  are  quite  appreciably  soluble  in  car- 
bonated water.  Pure  water  will  dissolve  about  0.0131  gram  calcium 
carbonate  per  liter,  while  carbonated  water  dissolves  about  0.385 
gram  or  thirty  times  as  much.  . 

Many  marine  plants  and  animals  use  calcium  carbonate  in  their 
metabolic  processes  for  skeletal  and  housing  purposes.  They  derive 
it  from  this  dissolved  carbonate,  and  as  these  organisms  die  their 
remains  fall  to  the  ocean  floor  and  accumulate.  The  increasing 
weight  of  these  accumulations  has  exerted  pressure  on  the  mass 
beneath  which,  together  with  the  cementing  properties  due  to  partial 
resolution  in  the  moisture  present,  has  gradually  raised  the  specific 
gravity  of  the  mass  and  given  it  the  hard  limestone  texture.  This 
has  been  the  main  method  of  limestone  formation  and  has  required 
a  vast  period  of  time. 

Since  most  of  these  lime-secreting  organisms  live  only  in  depths  of 
water  to  which  light  penetrates,  it  follows  that  our  limestones  were 
laid  down  in  comparatively  shallow  water.  The  main  forms  of  oi^an- 
isms  contributing  to  this  formation  are  the  lime-secreting  algae. 
The  red  algae  have  contributed  a  large  part  of  the  calcareous  sub- 
stance of  coral  reefs  which  make  up  some  of  our  limestone  formations. 

The  protozoa,  f  oraminif  era,  coelenterata  and  mollusks  have  also  con- 
tributed a  part.  This  organic  process  of  limestone  formation  is  still 
going  on  as  proven  by  the  deposition  of  calcareous  shells  on  the  ocean 
floor,  the  development  of  coral  reefs  and  the  formation  of  marl  in 
swamps. 

Besides  limestone  of  organic  origin  we  may  also  have  calcareous 
deposits  formed  by  chemical  means.  We  are  all  familiar  with  the 
deposition  of  lime  in  teakettles  in  which  hard  water  has  been  boiled 
repeatedly.  Natural  waters  all  contain  carbon  dioxide  in  solution 
which,  as  before  stated,  holds  calcium  and  magnesium  carbonates  in 
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Bolution.  Boiling  or  other  means  of  withdrawal  drives  off  this  car- 
bonic acid  gas,  whereupon  the  carbonates  are  precipitated  out  of 
solution  and  collect  as  a  deposit.  Similar  processes  go  on  to  a 
great  extent  in  nature.  Thus  when  waters  highly  charg^  with 
calcium  carbonate  come  to  the  surface  some  of  the  carbon  dioxide  held 
by  pressure  is  released,  precipitating  part  of  the  calcium  carbonate. 
'Diis  can  be  seen  aroimd  hot  springs  where  the  material  is  known  as 
calcareous  sinter,  tufa  or  travertine.  Again  when  plants  growing 
in  water  charged  with  carbon  dioxide  gr^uaUy  withdraw  this  con- 
stituent for  their  growth,  the  carbonate  held  in  solution  is  preci- 
pitated. On  a  small  scale  this  process  is  finely  illustrated  by  the  so- 
cafled  "  water  biscuit "  of  Canandaigua  Lake,  N.  Y.,  which  is  thought 
to  be_  of  this  origin.  Limestone  of  chemical  origin,  however,  is 
insignificant  in  quantity  when  compared  with  that  of  organic  origin. 


ALFALFA  ON  LAND  NOT  NATURALLY 
ADAPTED  TO  THAT  CROP.* 

J.  F.  BARKER. 

Alfalfa  is  naturally  adapted  to  well-drained  limestone  land;  and 
on  such  soils  it  can  be  grown  with  very  Uttle  difficulty.  Wherever 
such  land  occurs  in  this  State  it  will  usually  be  found  that  alfcdfa 
has  been  grown  to  some  extent  in  that  community  for  many  years. 
But  real  hmestone  soils  do  not  form  a  very  large  percentage  of  the 
farm  l^id  of  New  York  State.  The  bi^est  problem  in  connection 
with  the  growing  of  alfalfa  here  is  its  successful  production  on  land 
not  naturally  adapted  to  it. 

Soils  not  naturally  adapted  to  alfalfa. —  Practically  all  soils  deficient 
in  Ume  carbonate  are  poorly  adapted  to  alfalfa  and  cannot  be  made 
to  grow  that  crop  successfidly  until  a  certain  amoimt  of  lime  is  sup- 
pli^.  Such  soils  comprise  at  least  three-fourths  of  the  farm  lands 
of  this  State;  they  may  be  referred  to  as  non-calcareous  soils  and  the 
natural  alfalfa  lands  as  calcareous.  There  is  a  great  variation  as 
to  the  number  and  extent  of  the  difficulties  to  be  overcome  in  pre- 
paring these  lands  for  alfalfa;  and  the  soils  may  be  classed  some- 
what according  to  their  variations  in  this  respect. 

1.  In  the  first  class  of  these  non-calcareous  soils  may  be  grouped 
well-drained  bottom-lands  along  rivers  and  streams.  Such  lands 
often  presient  but  little  difficulty  in  the  growing  of  alfalfa.  They 
are  not  very  acid,  they  usually  present  a  good  state  of  general  fer- 
tility, have  deep  porous  subsoils  and  are  well  supplied  witib  moisture. 
A  comparatively  light  application  of  lime  usually  makes  a  good 
alfalfa  soil  out  of  tluis  t3rpe. 

2.  The  second  class  may  include  deep  glacial  drift  soils,  and 
material  worked  over  by  glacial  waters,  outside  the  influence  of  lime- 
stone formations.  This  class,  as  a  rule,  requires  more  lime  than  the 
first,  but  two  to  four  tons  of  ground  hmestone  per  acre  will  usually 
suffice.  On  level  areas  drainage  is  necessary  unless  there  is  a  deep 
porous  subsoil.  Of  course,  such  lands  vary  greatly  in  their  general 
fertility.  This  class  of  soils  occurs  principally  in  the  counties 
bordering  Lake  Ontario  and  Lake  Erie,  to  some  extent  in  the  larger 
river  valleys  and  on  a  considerable  part  of  Long  Island.  In  this 
class  may  perhaps  be  included  also  river  terraces  in  any  part  of  the 
State  outside  of  limestone  areas. 

3.  In  the  third  class,  according  to  degree  of  difficulty  of  growing 
alfalfa,  may  be  placed  the  sand  hills  and  ridges  occurring  in  differ- 
ent sections  of  the  State,  notably  in  the  west  central  portion  and 

*  A  reprint  of  Circular  No.  39,  April  20,  1915. 

[1081 


-  •  •* 

j^fBw  York  Agricultural  Experiment  Station.         109 

on  Long  Island.  It  is  often  difficult  to  get  alfalfa  started  on  soils 
of  80  li^t  texture,  yet  it  is  very  desirable  to  grow  the  crop  on  these 
lands,  for  it  checks  erosion  and  proves  a  great  help  in  the  manage- 
m^t  and  improvement  of  this  type. 

4.  In  this  dass  would  come  the  better  drained  portions  of  the 
noiM»lcareous  hill  lands  in  the  southern  and  eastern  parts  of  the 
State.  In  the  case  of  this  and  the  following  class  it  has  until  re- 
cently been  supposed  altogether  impracticable  to  attempt  to  grow 
alfal^  at  all;  and  at  the  present  time  one  may  travel  by  automobile 
an  entire  day  in  these  sections  without  seeing  an  alfalfa  patch. 
Heavy  applications  of  Ume  are  required  here  to  make  alfalfa  a 
success.  Lime-requirement  determinations  often  indicate  five  to 
ten  tons  of  limestone  per  acre.  Then  there  is  a  large  amount  of 
general  fertility  to  be  supplied  and  in  addition  there  is  much  trouble 
with  heaving  in  the  late  winter  and  early  spring.  But  alfalfa  can 
be  successfully  grown  on  such  land  and  it  is  well  worth  all  it  costs 
to  get  it  started.  The  growing  of  this  crop  will  enable  $25-an-acre 
land  to  pay  hi^  interest  on  a  $100  valuation.  During  the  past  three 
years  this  Station  has  been  experimenting  with  the  problem  of 
growing  alfalfa  on  soils  of  this  type  and  reference  is  made  to  some 
of  the  results  in  this  circular. 

5.  Tliose  portions  of  the  New  York  hill  lands  very  poorly  under- 
diamed  and  covered  with  wet-weather  springs  and  spouty  places 
can  never  be  farmed  very  profitably  until  better  underdrainage  is 
establi^ed.  The  improvement  usually  represents  a  greater  outlay 
of  money  than  the  present  value  of  the  farm!  Yet  it  is  possible 
to  put  such  land  into  condition  for  growing  alfalfa,  and  in  a  few 
years'  time  reahze  handsomely  on  the  investment. 

PREPARATION  OP  LAND  FOR  ALFALFA. 

Seedrbed. —  In  this  State,  especially  on  the  lands  imder  discussion, 
alfalfa  does  best  as  a  rule,  when  sown  in  the  spring  or  early  summer. 
The  seed-bed  must  be  compact  and  firm,  but  well  pulverized  on  top. 
Alfalfa  does  not  do  well  on  recently  plowed  land  unless  a  great 
amount  of  work  is  spent  to  compact  and  pulverize  the  soil.  For 
this  reason  it  is  best  sown  on  fall-plowed  land  or  ground  that  can  be 
worked  into  a  seed-bed  without  spring  plowing.  If  fall  plowing  is 
done  th^e  is  no  objection  to  using  a  sod  and  plowing  may  be  deep. 
Spring  plowing,  if  done,  should  be  only  four  to  six  inches,  and  sod 
will  not  be  as  suitable  as  stubble  or  fallow  ground.  Spring-plowed 
land  can  be  ready  to  seed  by  last  of  May  to  middle  June.  Where 
seeding  is  made  in  the  latter  part  of  July  or  early  August  it  may 
fdlow  the  plowing  under  of  a  green-manure  crop  in  early  Jime,  or 
may  follow  some  crop  which  can  be  gotten  off  the  land  not  later 
than  middle  July.  In  this  latter  case,  as  soon  as  the  crop  is  off, 
the  land  shoidd  be  immediately  worked  into  a  seed-bed  by  disking 
and  harrowing.    It  should  very  seldom  be  plowed. 
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ApplicaHan  of  lime. —  Liming  is  of  course  one  of  the  most  essential 
features  in  preparing  for  alfalfa  on  the  lands  in  question.  Under 
the  great  majority  of  these  conditions  it  is  useless  to  attempt  the 
growing  of  alfidfa  imtil  a  liberal  application  of  lime  has  been  suppUed. 
Two  tons  per  acre  as  an  initial  appUcation  may  be  regarded  as  the 
rnininniinn  amount  of  limestone  to  use.  With  classes  1,  2  and  3, 
two  to  three  tons  per  acre  is  usually  enough  to  give  good  results, 
but  on  classes  4  and  5  at  least  four  tons  should  be  used;  and  there 
are  indications  that  larger  amounts  would  be  profitable,  or  in  some 
cases  necessary  to  a  successful  stand  of  alfalfa.  It  is  to  be  re- 
membered that  the  alfalfa  plant  is  unusual  in  its  requir^nents  for 
lime  and  that  enough  should  be  applied  at  the  outset  to  insure  a 
good  supply  for  several  years  to  come.  For  the  purposes  of  plant 
food  alone  alfalfa  uses  calcium  and  magnesium  to  the  equivalent  of 
as  much  as  one  hundred  pounds  of  limestone  to  each  ton  of  cured 
alfalfa  hay.  In  our  experiments  with  alfalfa  we  have  found  ground 
limestone  fully  as  effective  as  the  best  grades  of  hydrated  lime,  even 
for  soils  of  the  fourth  class,  comparisons  of  course  being  made  on 
the  basis  of  equal  amounts  of  actual  lime. 

The  best  time  to  apply  Ume  for  any  crop  is  to  the  rough  surface  of 
the  ground  after  plowing  so  that  it  may  be  well  mixed  with  the  soil  by 
disking  and  harrowing.  On  soils  that  require  heavy  applications  of 
limestone  it  seems  advisable  to  spread  about  half  the  amoimt  before 
plowing  and  then  go  over  the  ground  once  or  twice  with  a  disc. 
This  disking  will  also  help  to  place  the  soil  in  good  condition. 

Fertilizers  and  marmre, —  With  soib  low  in  organic  matter,  as  the 
great  majority  of  these  are,  an  application  of  manure  is  a  great 
help  in  preparing  a  good  seed-bed  for  alfalfa.  It  should  be  applied 
on  the  surface  in  the  winter  or  early  spring  and  worked  mto  the 
soil  by  the  fitting.  With  soils  of  classes  3,  4  and  5  it  is  doubtful 
if  there  is  any  other  place  in  general  farming  where  manure  can  be 
used  with  greater  profit.  The  use  of  manure  as  a  top  dressing 
after  a  good  stand  of  alfalfa  has  been  secured  is  not  so  profitable, 
and  where  the  amount  of  this  material  is  limited  it  would  better  be 
used  on  other  crops.  The  advantage  of  manure  at  the  outset  is 
probably  to  encourage  inoculation  and  supply  available  plant  food 
while  the  young  plmits  are  developing  a  root.  Later,  with  inoc- 
ulation well  established  and  the  plant  (drawing  nitrogen  from  the  air, 
manure  is  less  important.  Acid  phosphate,  basic  slag  or  bonemeal 
make  a  much  more  profitable  top  dressing,  using  100  to  300  pounds 
per  acre. 

In  preparing  the  seed-bed  liberal  use  should  be  made  of  some 
form  of  phosphorus,  as  acid  phosphate  at  500  to  1000  pounds  per  acre. 
It  is  not  important  to  use  commercial  nitrogen  and  potash  in  addition. 
This  has  been  foimd  true  at  the  Ohio  station  on  soils  similar  to  those 
of  our  class  4,  and  our  experiments  so  far  have  worked  out  in  the 
same  way.  The  importance  of  phosphorus,  however,  has  heesi  very 
apparent. 
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InocukAUm. —  There  is  a  large  amount  of  experimental  evidence 
both  from  this  State  and  elsewhere  to  show  that  land  not  naturally 
adapted  to  alfalfa  usually  requires  special  inoculation  as  one  of  the 
important  conditions  to  success  with  that  crop.  It  has  also  been 
wdl  d^ncxistrated  that  the  surest  way  to  make  the  inoculation  is 
by  use  of  soil  from  some  field  that  has  been  growing  alfalfa  success- 
fully. Simply  scatter  a  few  hundred  pounds  of  &e  sofl  per  acre 
just  previous  to  seeding  the  alfalfa;  it  should  be  immediately  luuv 
rowed  in  for  the  sun's  rays  are  said  to  kill  the  bacteria  in  a  thin 
surface  layer  of  soil.  Two  or  three  hundred  pounds  of  soil  per  acre 
will  do  the  work  if  thoroughly  scattered,  but  in  practice  it  will  be 
found  easier  and  safer  to  use  a  much  larger  quantity,  provided  only 
that  the  soil  can  be  easily  obtained.  Soil  that  has  been  growing 
sweet  clover  will  do  as  well  for  this  purpose,  for  the  bacteria  of  these 
two  crops  are  found  to  be  interchangeable.  In  obtaining  the  soil 
the  surface  layer  to  a  depth  of  four  to  six  inches  can  be  used. 

Artificial  cultures  of  bacteria  for  inoculating  the  seed  have  been 
found  effective  and  can  be  used  instead  of  alfalfa  soil  when  it  is 
difficult  to  obtain  the  latter.  Such  cultures  can  be  obtained  from 
one  of  a  number  of  commercial  companies  whose  advertisements 
are  to  be  found  in  farm  papers.  After  a  field  has  once  grown  alfalfa 
it  is  unnecessary  to  inoculate  again,  even  though  several  years  of 
other  crops  may  intervene  before  reseeding  to  this  crop. 

Some  farmers  make  a  practice  of  mixing  in  a  little  alfalfa  seed 
whenever  seeding  down  to  grass  so  that  the  little  scattering  of  al- 
falfa that  comes  will  graduidly  inoculate  the  soil  and  have  it  ready 
for  a  regular  crop  at  some  future  time.  Just  how  effective  is  this 
oethod  is  not  definitely  known. 

SEEDING  ALFALFA. 

Time  qf  9eeding, —  In  this  State,  on  the  kind  of  land  in  question, 
spring  or  early  summer  seeding  is  to  be  preferred  to  sowing  in  middle 
or  late  summer.  The  most  important  reason  is  tiiat  the  new  plants 
must  have  time  to  develop  a  root  that  will  see  Ibem  through  tiie 
first  winter.  With  the  exception  of  the  most  southeastern  portion 
of  the  State  seediog  later  than  the  middle  of  August  is  almost  sure 
to  result  in  failure  or  a  very  weak  stand;  the  latter  part  of  July  is 
as  late  as  advisable.  Alfalfa  seeded  early  in  the  sprmg  has  a  good 
chance  to  compete  with  weeds,  for  alfalfa  will  grow  in  the  cool 
weathtf  of  q)ring  before  most  of  the  rank-growing  weeds  get  a  good 
start;  and  if  the  land  has  been  fall-plowed  many  of  the  weed  seeds 
will  have  been  killed  in  the  surface  layer  of  soil.  If  seeding  is  de- 
layed until  corn-planting  time,  weeds  will  be  a  serious  menace.  It 
is  then  better  to  keep  the  harrow  going  and  wait  until  middle  June 
before  sowing.  Just  how  early  in  the  spring  it  is  advisable  to  seed 
is  stOl  a  question;  some  men  of  wide  experience  say  the  very  first 
day  the  land  can  be  worked,  and  we  are  becoming  inclined  to  this 
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view,  or,  we  might  say,  about  the  time  of  early  seeding  of  oats.  We 
have  had  some  good  results  by  sowing  from  first  to  middle  June, 
the  land  having  been  frequently  worked  up  to  that  time. 

The  advice  is  often  given  to  cultivate  the  ground  two  or  three 
months  before  sowing  in  order  to  get  rid  of  weeds,  but  this  is  very 
expensive  and  does  not  alwa3rs  accomplish  what  it  is  supposed  to 
do.  It  is  always  well  to  select  land  as  free  as  possible  of  weeds  and 
especiaJIy  avoid  such  pests  as  quack  grass.  Then  if  seeding  be 
made  early  weeds  are  not  a  serious  matter.  They  can  be  kept  in 
check  by  a  few  clippings  with  the  cutter  bar  set  high. 

Alfalfa  has  the  best  chance  for  success  on  these  soils  when  seeded 
alone.  An  intended  nurse  crop  too  often  proves  a  robber  crop. 
If  the  alfalfa  is  seeded  early  there  will  usually  be  a  cutting  of  a  ton 
to  a  ton  and  a  half  per  acre  the  first  season.  This  is  worth  as  much 
for  feed  as  any  nurse  crop  that  might  have  been  grown,  and  the 
crop  it  is  dedred  to  get  established  will  be  in  better  condition. 

When  alfalfa  has  once  been  grown  on  any  given  field  it  can  there- 
after be  seeded  with  a  grain  crop  more  successfully  than  at  first,  and 
when  it  is  to  occupy  a  place  in  a  3-  to  5-year  rotation  it  will  usually 
be  necessary  to  seed  in  this  way.  Under  such  conditions  the  grain 
should  be  sown  a  little  lighter  than  common  to  give  alfalfa  a  good 
chance. 

Raie  of  seeding. —  If  seventy-five  per  ct.  of  the  seed  would  make 
plants,  ten  pounds  per  acre  would  be  a  great  plenty.  But  to  allow 
for  insufficient  and  improper  covering  of  the  seed  and  also  to  obtain 
a  thick  stand  which  will  more  effectively  combat  weeds  while  ttie 
plants  are  young,  a  much  heavier  seeding  is  usually  made  in  practice. 
With  a  fine,  well  pulverized  seed-bed  and  the  seed  all  nicely  covert, 
fifteen  to  twenty  pounds  per  acre  is  sufficient.  When  these  con- 
ditions are  less  well  approximated  twenty  to  twenty-five  pounds  may 
be  used;  in  extreme  cases  even  more. 

Drilling  is  probably  better  than  broadcasting  since  the  seed  is 
thus  umformly  covered.  Special  alfalfa  drills  are  made.  If  the 
common  grain  drill  is  used  there  should  be  a  connection  between 
the  grass-seeder  attachment  and  the  hoes,  and  there  should  be 
arrangement  for  regulating  the  depth  at  which  the  seed  is  covered. 
It  would  be  well  to  drill  half  the  seed  one  way  and  the  rest  at  right 
angles. 

Types  of  alfalfa, —  Common  alfalfa  seed  produced  in  almost  any 
part  of  the  United  States  does  very  well  in  this  State  when  grown 
under  favorable  conditions;  but  for  the  soils  here  considered,  and 
especially  for  those  of  classes  4  and  5,  better  results  are  obtained 
from  seed  produced  in  the  northern  part  of  the  country,  particularly 
the  Dakotas,  Minnesota  and  Montana.  Alfalfa  from  this  source 
withstands  the  winter  better. 

.  The  great  trouble  in  getting  alfalfa  to  stick  on  most  of  these  soils 
is  that  it  will  heave  out  of  the  ground,  due  to  alternate  freezing 
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and  thawing  in  winter  and  early  spring.  The  straight,  single,  tap 
root  which  the  common  alfalfa  produces  offers  but  little  resistance 
to  this  heaving  action.  A  variety  of  alfalfa  known  as  the  Grimm, 
named  from  tihe  man  who  first  brought  it  over  from  Germany 
in  1857,  has  a  vigorous  branching  root  and  stooUng  crown;  it  is 
also  more  resistant  to  cold.  These  characteristics  make  such 
a  type  much  more  promising  for  those  conditions  in  this  State  less 
favorable  to  alfalfa.  Seed  from  the  Grimm  and  from  the  Baltic,  a 
closely  related  type,  are  now  on  the  market  in  limited  quantity  and 
at  high  price.  To  what  extent  and  under  what  conditions  these 
and  other  varieties  and  strains  are  better  than  the  common  varieties 
is  bang  made  the  subject  of  experiment  by  this  Station.  There  is 
such  a  variation  in  different  t3rpes  of  alfalfa  adapting  that  crop  to 
so  many  different  conditions  and  purposes  that  the  opportunities 
for  experimental  work  in  this  line  are  many. 

Alfalfa  seed  production. —  It  has  been  commonly  supposed  that 
alfalfa  seed  could  not  be  grown  in  paying  quantities  in  this  cUmate; 
and  it  is  definitely  known  that  a  somewhat  dry  climate,  especially 
at  the  time  of  seed  formation,  is  more  favorable  to  the  production  of 
alfalfa  seed.  Nearly  all  the  seed  grown  in  the  United  States  is  pro- 
duced under  semi-arid  or  nearly  semi-arid  conditions.  However, 
nearly  all  the  attempts  to  grow  seed  in  this  part  of  the  country  have 
in  the  past  been  with  the  common  varieties  of  alfalfa.  In  the  last 
few  years  certain  farmers  in  this  State  have  produced  good  crops 
of  seed  from  some  of  the  hardier  types  of  alfaJfa  grown  in  a  small 
way.  Last  year  a  small  plat  of  Grimm  alfalfa  at  the  Station  pro- 
duced a  heavy  yield  of  seed  from  the  first  crop  and  experiments  are 
now  being  conducted  more  extensively  on  this  subject. 

As  in  the  case  of  almost  any  other  crop,  seed  production  in  alfalfa 
is  favored  by  a  large  development  of  individual  plants.  To  ac- 
complish this  to  best  advantage  the  alfalfa  is  grown  in  cultivated 
rows  two  to  three  feet  apart,  and  the  plants  need  not  be  more  than 
two  or  three  per  foot  in  the  row.  Even  at  this  thin  seeding  the 
plants  will  be  found  to  make  such  development  that  the  tops  reach 
from  row  to  row  and  present  the  appearance  of  a  broadcast  seeding. 
In  one  of  our  experiments  on  a  soil  of  class  4,  Grimm  alfalfa  in  rows 
three  feet  apart  yielded  a  Uttle  over  two  tons  of  cured  hay  per  acre 
at  one  cutting  a  year  from  date  of  seeding. 

CUTTING  AND   CURING  ALFALFA. 

Time  of  cutting. —  Alfalfa  should  be  cut  when  new  shoots  begin 
to  fomi  at  the  base.  This  usually  takes  place  about  the  same 
time  that  blossoms  begin  to  form.  In  practice  it  does  very  well  to 
go  according  to  the  blossom  and  to  cut  as  soon  as  perhaps  one-tenth 
of  the  plants  have  formed  flowers.  The  first  cutting  of  a  new  seeding 
may  stand  longer  than  this,  but  as  a  rule  it  is  more  objectional  to 
delay  cutting  a  little  too  long  than  to  cut  too  soon.    A  delay  in 
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cutting  means  waste  with  that  crop  by  loss  of  leaves  from  the  lower 
part  of  the  stem  and  it  also  means  a  loss  of  growing  time  for  following 
crops,  so  that  a  delay  of  a  week  after  time  to  cut  may  mean  a  loss 
of  nearly  two  weeks'  growth.  This  is  an  important  matter  in  a 
climate  where  the  growing  season  must  often  be  crowded  a  little  to 
get  in  three  crops.  Then,  too,  if  cutting  is  delayed  very  long  the 
new  shoots  at  the  base  may  have  grown  enough  to  be  clipped  by  the 
mower  and  so  the  next  crop  receive  a  further  setback. 

Curing  alfalfa, —  Alfalfa  should  be  cut  when  the  dew  is  off  and 
raked  up  as  soon  as  wilted  and  before  the  leaves  have  become  dry 
and  brittle.  The  problem  of  curing  is,  of  course,  more  difficult  than 
with  most  grasses,  for  the  stems  are  heavy  and  require  some  time 
to  dry  out,  while  the  leaves,  if  dried  in  the  hot  sun,  are  easily  shat- 
tered and  also  lose  somewhat  in  quality.  The  hay  may  cure  mainly 
in  windrows  if  there  is  little  danger  of  rain,  but  ordinarily  it  is  best  to 
put  in  cocks  at  once  and  cover  with  canvas.  It  may  then  be  turned 
from  day  to  day  until  ready  for  the  mow.  If  put  away  too  green 
not  only  is  the  quality  of  the  hay  impaired,  but  there  is  real  duiger 
of  spontaneous  combustion. 

Importance  of  alfalfa  crop. —  When  we  consider  that  well-cured 
alfalfa  hay  has  a  protein  content  and  total  feeding  value  very  nearly 
the  same  as  that  of  wheat  bran,  or  that  a  ton  is  worth  as  much  for 
feed  as  forty  to  fifty  bushels  of  oats  the  great  advantage  of  this  crop, 
especially  on  dairy  farms,  is  readily  understood. 

Outside  limestone  regions  the  average  dairy  ration  is  probably  often 
deficient  in  lime  salts,  so  important  in  milk  production.  Alfalfa 
supplies  lime  liberally  and  this  may  help  to  explain  the  common 
observation  that  alftdfa  seems  to  have  a  feeding  value  even  greater 
than  indicated  by  the  percentages  of  protein,  carbohydrates  and  fat. 
As  a  constituent  of  the  dairy  ration  alfalfa  is  even  more  appreciated 
in  those  sections  of  the  State  where  it  has  been  considered  imprac- 
ticable to  grow  it  than  where  it  is  naturally  adapted,  and  for  that 
reason  alone  it  is  worth  a  greater  effort  to  grow  it  there. 

If  grown  to  sell  alfalfa  compares  favorably  with  any  other  general 
farm  crop.  In  this  State  it  now  sells  at  a  higher  price  than  best 
timothy  hay,  at  least  S15  per  ton.  Where  it  can  be  made  to  grow 
at  all,  three  tons  of  cured  hay  per  acre  for  the  season  is  only  a  moderate 
yield. 

The  value  of  alfalfa  as  a  builder  of  soil  fertility  adds  tremendous 
interest  to  the  problem  of  growing  it  on  the  less  productive  lands  of 
the  State.  It  will  do  more  than  clover  towanls  adding  organic 
matter  and  nitrogen  to  the  soil  and  at  the  same  time  produce  a 
much  more  valuable  crop.  One  of  the  greatest  difficulties  met  with 
in  farniing  soils  of  classes  4  and  5  is  the  presence  of  a  more  or  less 
impervious  substratum  at  a  depth  of  six  inches  to  two  and  one-half 
feet,  which  is  often  called  hard  pan;  alUiough  it  seldom  deserves  so 
hard  a  name  as  that.    This  condition,  though  naturally  present  in 
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tiiese  lands  to  some  extent,  has  been  aggravated  the  longer  the  land 
has  been  farmed,  due  to  the  growing  of  shallow-rooted  crops  and 
plowing  at  a  shallow  depth.  Since  alfalfa  roots  tend  to  penetrate 
and  break  up  this  substratum  and  so  improve  underdrainage  it  will 
no  doubt  be  easier  to  grow  that  crop  each  successive  time  it  is  tried, 
and  in  this  way  also  prove  of  wonderful  benefit  to  such  land. 

It  is  best  to  grow  alfalfa  in  a  rotation  with  other  crops,  for  in  this 
way  it  is  most  effectively  used  as  a  soil  improver.  To  this  end  the 
rotation  may  be  only  three  or  four  years,  including  alfalfa  two 
yeare  and  one  or  two  years  of  com,  potatoes,  wheat,  beans,  cabbage  or 
slmoBt  any  general  farm  crop. 


SOYBEAN  AND  COWPEA.^ 

F.  H.  HALL. 

These  forage  and  green-manuring  crops  are  of  much  greater  value 
in  states  south  of  New  York  than  in  it;  but  may  occasionally  be  used 
to  advantage  in  our  agriculture. 

When  first  brought  to  the  attention  of  growers  in  the  north,  the 
cowpea  seemed  promising,  but  in  recent  years  the  soybean  has  proved 
much  better  adapted  to  our  conditions.  It  is  more  resistant  than  the 
cowpea  both  to  frost  and  to  drouth;  all  of  its  varieties  in  common  cul- 
tivation are  upright  in  growth,  while  the  best  varieties  of  the  cowpea 
are  viny  and  trailing  in  habit,  therefore  difficult  to  harvest  for  any 
purpose;  the  soybean  is  more  certain  to  mature  seed  than  the  cowpea, 
and  the  jrield  is  much  greater  and  richer  in  protein.  The  soybean, 
in  some  of  its  varieties  and  for  some  purposes,  may  be  worUi  trial 
in  almost  any  section  of  the  State;  and  is  quite  likely  to  do  fairly 
well  in  all  but  most  unfavorable  seasons,  when  com  would  fail  be- 
cause of  late  starting,  long-continued  cool  summer  weather  or  early 
death  by  frost.  The  cowpea,  on  the  other  hand,  can  be  recom- 
mended only  for  light,  warm  soils  in  the  southern  or  south-central 
valleys  or  flat  lands  of  the  State. 

General  character, —  The  soybean  and  cowpea  are  of  East  Asian 
origin,  the  cowpea  probably  from  India  and  the  soybean  from  China 
or  southern  Japan;  but  both  have  been  cultivated  so  long  that  it  is  im- 
possible to  say  with  certainty  where  either  grew  wild.  They  are 
legumes,  producing  forage  much  higher  in  protein  content  than  any 
other  annual  crop  of  equal  yield;  both  are  readily  eaten  by  farm 
animals,  either  green,  ensiled  or  made  into  hay;  and  both  enrich  the 
soil  since  they  procure  part  of  their  nitrogen  from  the  air  and  leave  a 
considerable  portion  of  it  on  the  land  in  roots,  stubble  and  fallen  leaves. 
The  seeds  of  both,  but  particularly  of  the  soybean,  are  rich  in  nitrc^n, 
and  make  most  valuable  additions  to  the  home-grown  concentrates 
for  balancing  the  ordinary  carbohydrate-rich  rations. 

The  soybean  plant,  in  general  appearance  and  in  habit  of  growth, 
resembles  a  tall-growing,  bushy,  hairy-leaved,  hairy-stemmed  field 
bean;  but  the  pods,  which  are  also  hairy,  are  short  and  broad  and  usu- 
ally contain  only  two  or  three  beans.  The  seeds  are  shorter  and 
rounder  in  shape  than  field  beans,  and  show  in  but  few  varieties  the 
typical  kidney  shape  of  beans.  Most  of  them  resemble  peas  more  than 
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beans;  and  the  seeds  of  the  cowpea  resemble  beans  more  than  peas. 
Soyb^tns  are  smooth,  or  very  slightly  wrinkled;  and  in  color  range 
from  a  creamy  white  to  yellow,  brown  or  a  deep  violet  commonly 
called  black.  The  color  is  solid  or  marked  with  a  small  area  of  a 
contrasting  shade  about  the  eye. 

It  is  difficult  to  see  why  the  cowpea  ever  received  its  name;  for  it 
resembles  the  pea  in  very  few  respects.  The  vines  and  foliage  are 
much  more  like  those  of  lima  beans,  including  both  bush  and  trail* 
ing  fomis;  but  the  pods  are  very  long  and  slender.  The  seeds  vary 
exceedingly  in  size  and  color,  and  in  &ape,  as  already  stated,  resem- 
ble beans  more  than  do  soybean  seeds.  In  a  few  varieties  —  the 
"  Crowders  "  —  the  seeds  are  compressed  endwise  so  that  they  are 
spherical,  cubical  or  even  broader  than  long;  but  many  sorts  show 
the  typical  kidney  shape  of  white  beans,  though  usually  of  a  some- 
what wider,  plumper  tjrpe.  They  have  the  same  colors  as  soybeans, 
with  pink,  red  and  chocolate,  also,  as  solid  colors,  and  with  many  types 
of  eye-markings  and  variegations.  In  size,  cowpea  seeds  vary  from 
those  smaller  than  wheat  kernels  to  others  larger  than  white  beans. 
This  great  variation  in  size  makes  it  very  difficult  to  give  general 
rules  for  qusjitity  of  seed  to  sow;  since  a  quart  of  Small  Lady  cowpeas 
would  contain  probably  six  times  as  many  seeds  as  a  quart  of  Large 
Black-Eye,  yet  the  plants  of  the  two  varieties  require  about  the  same 
area. 

Uses  and  valve, —  The  two  crops  are  very  similar  in  season,  adapta- 
bility to  different  soils,  general  cultural  requirements  and  uses;  and 
probably  under  the  best  conditions  for  each  the  yields  would  not 
be  greatly  unlike,  either  in  amoimt  or  yield  of  protein,  but  there  is 
just  enough  difference  between  the  two  to  secure  some  favor  for  the 
soybean  in  New  York  while  the  cowpea  is  very  seldom  grown.  In 
states  lying  south  of  the  Ohio  River  line,  and  to  some  extent  north 
of  that  river,  the  cowpea  can  be  grown  with  com,  the  vines  clinging 
to  the  stalks  and  finding  the  season  warm  enough  and  long  enough  to 
mature  seed  just  as  the  com  ripens,  so  that  the  double  crop  can  be 
easily  harvested  and  cut  into  the  silo,  making  a  feed  of  great  value. 
In  New  York,  sunlight  and  heat  are  not  great  enough  to  make  this 
combination  a  success;  and  only  on  exceptionally  warm  soils  or  in 
|ong>  warm  seasons  does  the  soybean-in-com  combination  give  sat- 
isfactory yields.  Yet  the  two  crops,  grown  separately  and  cut 
into  the  olo  together,  or  with  the  soybeans  replacing  every  third 
row  of  com  and  harvested  together  for  ensiling,  have  given  very 
good  results  in  several  places.  This  is  undoubtedly  the  most  promis- 
ing field  of  usefulness  for  the  soybean  m  the  State,  although  it  can 
Also  be  utilized  to  advantage  in  a  soiling  system,  or  grown  for  the 
seed.  For  making  into  hay,  the  slenderer,  less  woody  vines  of  the 
cowpea  are  preferable;  but  the  yield  is  usually  not  great  enough  to 
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make  the  crop  a  successful  competitor  of  alfalfa  or  even  ci  the  dovers, 
while  curing  the  hay  in  the  fall  is  often  a  difficult  problem  because  of 
bad  weather.  This  objection  also  applies  to  the  making  of  soybean 
hay,  with  the  added  disadvantage  that  the  stalks  and  lai^r  branches 
of  the  soybean  become  fibrous  and  woody  as  the  plants  approach 
the  best  period  of  yield,  so  the  time  for  making  good  hay  is  rather 
short. 

It  is  very  doubtful  whether  it  is  ever  wise  to  turn  down  the  entire 
crop  of  either  legume  for  green  nuuxure,  the  wiser  plan  being  to  leave 
the  refuse  only  on  tJie  land,  feed  the  crop,  and  return  the  manure 
to  the  field. 

Yields  and  feeding  wdve. —  On  the  Station  soil,  which  is  heavy 
and  cold,  we  have  never  secured  satisfactory  crops  of  seed  from  any 
variety  of  soybean,  even  in  the  long,  hot,  season  of  1914;  and  only 
a  few  of  the  very  early,  bushy,  small-yielding  varieties  of  cowpeas 
have  matured  seed.  However,  on  lighter,  wanner  soils  near  the 
Station,  several  varieties  of  soybeans  have  matured,  but  exact  yields 
can  not  be  stated.  In  tests  in  Connecticut  in  1914,  nine  varieties  of 
soybeims  with  medium-sized  to  large  seed  averaged  28  bushels  of 
beans  to  the  acre.  This  is  probably  much  above  the  average  3rield, 
though  as  much  as  34  bu^els  to  the  acre  have  been  grown  in 
Massachusetts.  From  12  to  20  bushels  is  given  as  the  average  range 
of  yields.  As  stated,  these  seeds  are  very  rich  in  protein,  equalling  or 
exceeding  cottonseed  meal  or  linseed  meal  in  the  amount  that  can  be 
digested  by  animals,  of  this  most  important  constituent  of  feeds. 

Of  forage  to  cut  into  the  silo,  of  which  none  has  borne  fully  devel- 
oped pods,  the  Station  yields  have  varied  from  6  to  10  tons  to  the 
acre  with  soybean,  which  compare  favorably  with  yields  reported 
from  Massachusetts  and  Connecticut  and  with  averages  for  the 
soybean-growing  states;  and  of  from  5^  to  9  tons  with  cowpea,  on 
SDoall  areas  only,  which  are  only  about  three-fourths  as  large  as  the 
yields  secured  in  states  further  south. 

Like  the  seeds,  soybean  forage  contains  much  protein,  particularly 
when  harvested  with  the  pods  nearly  or  quite  full  grown,  reaching 
4  per  ct.  or  more  with  a  moisture  content  of  75  per  ct.  in  the  greai 
crop.  This  makes  it  equivalent  to  almost  as  much  alfalfa  in  feeding 
value,  and  superior  to  as  much  red  clover. 

Cowpea  forage  usually  contains  more  moisture  than  that  from 
soybean  and  a  smaller  percentage  of  protein  in  the  dry  matter  of 
the  plant,  so  that,  even  with  equal  yields,  it  would  not  have  equal 
value  with  soybean  forage. 

Some  figures  are  given  below  showing  the  feeding  value  of  the  two 
crops,  compared  with  a  few  other  common  feeding  stuffs.  The  com- 
parisons are  based  on  the  quantity  of  each  material  digested  by 
cattle,  not  on  the  chemical  composition  alone: 
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An  AKD  DiannBis  KuTBrnrrB  in  Sotbxan  asd  Ck>wPKA  Sxxdb  and  Foraqb; 

And  in  Som  Common  Fbbdino  Srum. 


Ongttrat  mainly  from  Henry  uid  MoniMo'i  *'  Feeds  and 


»t 


) 


FUD. 


Soybean  ■eeda  * 

Gcnvpea  seeds 

Wlieftfcbraa 

linseed  meal,  n.  p 

Cottonseed  meal,  prime. 

Soybeaaliay 

Coirpea  hay 

Atfstfahay 

Bed  elorer  hay 

Soybean  forage,  green  *. 
Cowpea  forage,  green. . . 

Atfafra,  green 

Red  dover,  green 

Comnlage 

Com  and  soybean  silage 


Ash. 


Perd. 
5.4 
3.4 
6.3 
5.6 
6.6 


Diobshbui 


Protein. 


Per  el. 
31.7 
19.4 
12.5 
31.7 
33.4 


Carbo- 
hydrates. 


Perd. 
22.8 
54.5 
41.6 
37.9 
24.3 


Fat. 


Perd. 
14.4 
1.1 
3.0 

2.8 
7.9 


8.6 

11.9 

8.6 

7.1 


11.7 

13.1 

10.6 

7.6 


39.2 
33.7 
39.0 
39.3 


1.2 
1.0 
0.9 
1.8 


2.5 
2.0 
2.4 
2.1 


3.5 
2.3 
3.3 
2.7 


10.6 

8.0 

10.4 

13.0 


0.6 
0.3 
0.4 
0.6 


1.7 
2.0 


1.1 
1.6 


15.0 
13.8 


0.7 
0.8 


*  Figures  modified  to  indude  reeent  Connectieut  Station  analyses. 

CvUure. —  Where  these  legumes  are  so  uncommon  that  success 
with  the  crop  is  problematical,  small  test  areas  only  should  be  first 
attempted.  Both  crops  do  best  on  light,  warm,  loam  soils,  but  will 
succeed  in  favorable  seasons  on  any  reasonably  good  com  land. 
Bdng  legumes,  and  therefore  nitrogen-gatherers  when  provided  with 
root  nodules,  neither  soybeans  nor  cowpeas  require  much,  if  any,  nitro- 
genous fertilizer,  though  a  very  light  application  of  nitrate  of  soda 
is  helpful  in  securing  a  vigorous  start.  Where  they  have  never  becai 
grown,  inoculation,  preferably  with  soil  from  a  successful  field,  is 
a  great  advantage;  but  the  soybean  seems  to  acquire  the  necessary 
bacteria,  without  planned  introduction,  much  more  readily  than 
some  other  legumes.  If,  however,  on  carefully  digging  up  a  few  plants 
no  bacteria  appear  on  the  roots  of  the  first  season's  crop,  artificial 
inoculation  should  be  used  before  seeding  again. 

If  the  test  crop  succeeds  and  the  soil  appears  to  be  well  inoculated, 
80  that  nitrogen  enough  can  be  secured  from  air  and  soil  for  maxi- 
mum crops,  the  grower  should  be  sure  that  lack  of  phosphoric  acid 
or  potash  does  not  limit  growth;  for  the  plants  require  2^  times  as 
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much  potash  and  nearly  two-thirds  as  much  phosphoric  acid  as  nitro- 
gen for  perfect  development. 

Liming  is  less  necessary  with  soybeans  than  with  other  legumes. 

The  planting  season  with  ordinary  varieties  coincides  well  with 
that  of  com,  though  the  seeds,  particularly  those  of  soybeans,  germi- 
nate best  in  soil  a  little  warmer  than  at  corn-planting  time,  so  sowing 
or  planting  may  well  be  delayed  a  little  in  cold  seasons.  If  started 
a  week  or  ten  days  later  than  com,  early-maturing  varieties  should 
be  in  condition  to  go  into  the  silo  with  the  com  and  the  very  early 
sorts  be  mature  before  frost.  The  young  plants  of  soybean,  if  well 
started,  will  recover  after  a  touch  of  frost,  being  better  in  this  respect 
than  cowpeas  or  even  white  beans. 

For  hay  or  for  soiling,  both  soybeans  and  cowpeas  may  well  be 
sown  broadcast  to  secure  smaller  stalks  and  vines,  which  make  a 
better  grade  of  hay;  and  some  of  the  later-maturing  sorts  should  be 
selected,  since  these  usually  produce  larger,  more  viny  plants  with 
the  cowpea  and  taller,  heavier-foliaged  plants  with  soybean.  Ear- 
lier seeding  should  also  be  planned  for  a  hay  crop  than  for  silage. 
For  broadcast  seeding,  from  a  bushel  to  a  bushel  and  a  quarter  of  seed 
is  necessary,  increasing  the  amount  if  the  variety  used  is  very  large- 
seeded,  decreasing  it  if  small-seeded. 

With  the  very  viny  cowpeas  it  is  well  to  sow  about  a  peck  to  the 
acre  of  wheat,  barley  or  oats  so  that  the  stiff  stems  may  partially 
support  the  vines  and  make  harvesting  less  difficult.  It  is  quite 
liable  to  be  an  unpleasant  task  at  best. 

If  seed  is  scarce  and  high-priced,  it  may  be  better  to  drill  in  the  seed, 
even  for  hay,  spacing  the  rows  far  enough  apart  to  allow  cultivation, 
to  which  these  crops  respond  readily  and  profitably.  With  cowpeas 
of  any  of  the  vine-producing  kinds  the  rows  should  be  2^  to  3^  feet 
apart,  while  with  the  soybeEuis  the  distance  may  be  IJ  to  2J  feet 
or  more.  Plants  should  be  from  3  to  5  inches  apart  in  the  rows. 
The  greater  distances  should  be  used  if  seed  is  to  be  mating  and 
harvested,  the  medium  distances  if  the  forage  is  to  be  cut  into  the  silo 
and  the  smaller  distances  for  hay  or  soiling.  The  cultivation  is 
about  like  that  for  com,  enough  to  keep  down  weeds  and  hold  moisture 
until  the  plants  shade  the  ground.  In  the  south,  where  conditions 
are  more  favorable,  cowpeas,  and  soybeans  to  some  extent,  are  planted 
with  com,  either  in  drills  using  about  one-half  more  "  peas  "  or 
"  beans  "  than  com,  or  placing  the  seeds  of  the  legumes  in  the  hiUs 
of  com  at  planting  time  or  b^ide  the  hills  a  few  days  later.  This 
practice  has  been  followed  to  some  extent  in  this  State,  but  under 
most  conditions  not  even  the  soybean  succeeds  well  enough  in  this 
way  to  make  very  rich  silage,  and  cowpeas  do  still  less. 

During  1915,  only,  has  this  method  of  handling  the  crops  given  a 
satisfactory  growth  of  soybean  forage  on  the  Station  farm,  and  even 
then  the  seeds  were  far  from  mature.    A  better  way  is  to  substitute 
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a  row  of  soybeans  for  every  third  row  of  com,  by  which  the  plants 
are  not  so  shaded  by  the  com,  give  a  good  yield  and  reach  approx- 
imate maturity.  The  combined  crops  can  be  gathered  by  a  com 
harvester  without  much  difficulty;  and,  with  a  satisfactory  develop- 
ment of  the  soybeans,  makes  a  siLe^  rich  enough  in  protein  to  reduce 
largely  the  expense  for  purchased  concentrates.  When  grown  separ 
lately,  one  acre  of  well  podded  soybeans  put  in  the  silo  with  two  or 
two  and  a  half  acres  of  com  should  make  a  very  rich  sila^. 

Varieties  —  There  are  hundreds  of  varieties  of  cowpeas  and  many 
of  soybeans,  but  only  a  few  have  proven  successful  enough  at  the  north 
to  justify  recommending  them.  Other  varieties  arc  being  developed 
probably  better  than  those  now  generally  grown;  but  seed  of  these 
is  not  generally  obtainable.  Among  the  better  known  reliable  varie- 
ties are  the  fofiowing: 

CownsAB. 

Cby. —  An  erect,  late-maturing  plant,  producing  a  good  growth  of  forage  and  heayy 
crop  oi  seed  where  it  matures;  aeeda  deep  brownish  buff,  of  medium  size,  short,  broad 
kidney  shape. 

Large  Black-Eye. —  Recumbent,  viny,  late-maturing  plant,  producing  heayy 
growth  of  forage  but  not  likely  to  mature;  seeds  very  Uurge,  white  with  smaU  black 
eye-spot;  shape  of  thick,  broad  white  bean. 

New  Era. —  Very  ereet,  no  vines,  matures  early  producing  much  seed,  but  little 
forage.    Seeds  very  small,  gray,  thickly  sprinkled  with  small  blue  dots,  much  com- 


Red  Ripper. —  Semi-recumbent,  many  vines,  late,  large  jrield  of  forage,  does  not 
mature.    Seeds  very  large,  brownish  pink,  almost  cubical. 

Unknown  or  Wonderful. —  Very  large  and  vigorous,  erect,  late.  Much  forage, 
does  not  mature.  Seeds  above  medium  siae,  light  reddish  buff,  very  broad,  short 
kidney  shape. 

WUppoorwin. —  Erect  but  viny,  vigorous,  heavy  yield  of  forage,  too  late  for  seed 
in  nortii.  Seeds  medium  sise,  buff  or  brown  mottled  chocolate  color,  broad  plump 
kidney  shi^M. 

SOTBXANB. 

Early  QreeOt  Medfaim  Early  Qreen,  Medhim  Qreen«  properly  Guelph. —  Most 
common  variety  in  north  for  growth  with  com.  Stout,  erect,  bushy;  medium  to 
heavy  yield  of  both  forage  and  seed,  which  should  mature  in  good  seasons.  Pods 
drop  seeds  too  readily  when  mature.  Seeds  green,  medium  in  siaeor  above,  elliptical, 
di^tly  flattened. 

Hol^brook. —  Stout,  erect,  bushy,  taller  than  Quelph,  slightly  longer  season. 
Yield  good  of  both  forage  and  seeds.  Does  not  shatter  as  badly  as  Guelph.  Seeds 
straw  yeDow,  small  to  medium  in  sise,  elliptical. 

Ito  San. —  Plants  stout,  erect,  bushy,  rather  small.  Medium  early,  yields  well 
Seeds  much  like  those  of  HoDybrook. 

Manunotii  YeDow. —  Stout,  erect,  bushy,  very  tall;  late,  heavy  yield  of  forage; 
will  seldom  mature  seed.  Seeds  straw  ydlow,  medium  or  below  in  sise,  elliptical, 
di^tly  flattened. 

WOson. —  Slender,  erect,  very  tall,  meditui  late;  possibly  better  than  Guelph  as 
it  diatters  UtUe.  Heavy  yield  df  forage  and  good  seed  producer.  Seeds  black,  medium 
■le,  eOiptical,  much  flattened. 

Among  other  varieties  that  are  worth  trial  if  seed  can  be  easily 
secured  are  Ogemaw,  Elarly  Brown,  Auburn,  Elton,  Chestnut,  Medium 
Yellow,  Swan,  Cloud,  Ebony,  Haberlandt,  and  Peking^  listed 
somewhat  in  the  order  of  ripening. 
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REPORT  OF  THE  DEPARTMENT  OF 

BACTERIOLOGY, 

MILK  QUALITY  AS  DETERMINED  BY  PRESENT 

DAIRY  SCORE  CARDS.  * 

JAMES  D.  BBEW. 

SUMMARY. 

X.  Daily  score  cards  were  originally  designed  to  instruct  the 
daixyman  and  to  serve  as  a  convenient  record  of  sanitary  conditions. 
Their  use  has  led  to  a  common  belief  that  there  is  a  relation  between 
Ihe  score  of  the  dairy  and  the  quality  of  the  milk  produced  by  it. 
Scores  are  even  being  used  as  the  sole  basis  for  the  grading  of 
milk  according  to  quality. 

2.  The  investigation  reported  in  this  bulletin  was  a  compara- 
tive study  between  the  bacterial  content  of  the  milk  and  the  scores 
of  34  commercial  dairies  made  on  three  representative  cards, 
nametyi  the  Cornell  card,  the  OfScial  card  approved  by  the  Official 
Dairy  Instructors'  Association  and  the  New  York  City  card.  The 
purpose  was  to  determine  what  relationship  existed  between  the 
bacteria  count  and  the  score ;  and  how  different  cards  agreed  when 
the  same  conditions  were  scored  simultaneously  by  one  person. 

3.  The  results  of  the  investigation  show  no  correlation  whatever 
between  the  quality  of  the  milk  so  far  as  it  could  be  determined 
by  laboratory  methods  and  the  score  as  expressed  by  any  one 
of  these  three  cards. 

4.  Using  officially  accepted  interpretations  of  each  of  the  three 
score  cards,  it  was  found  that  there  was  some  variation  in  the 
relative  positions  of  the  various  dairies  when  scored  simultaneously 
with  all  of  the  cards.  In  general,  however,  the  scores  secured  by 
osing  the  Cornell  card  were  the  most  lenient,  while  those  secured 
by  usnig  the  New  York  City  card  were  the  most  severe.  None  of 
the  34  dairies  scored  below  the  exclusion  point  on  either  the  Cornell 
or  Official  card,  while  15  dairies  scored  below  this  point  on  the 
New  Yock  City  card. 

INTRODUCTION. 

The  grading  of  milk  according  to  quality,  as  is  being  done  with 
many  articles  of  food,  is  now  considered  essential  as  a  means  of 
improving  city  milk  supplies.  The  earlier  attempts  to  contr<J 
milk  quality  were  largely  based  upon  chemical  tests.    The  purpose 
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of  this  control  was  to  guard  the  public  against  fraud,  practiced  by 
altering  the  normal  constituents  of  the  milk  or  adding  preservatives 
to  it.  Recently,  however,  attention  has  been  more  concerned  with 
the  qualities  of  milk  as  affected  by  the  presence  of  bacteria. 

Two  general  types  of  bacteria  are  of  interest  in  this  connection, 
namely,  those  which  do  not  cause  disease  and  those  which  do  cause 
disease.  The  first  are  important  because  llu*ge  numbers  of  them 
in  milk  indicate  that  it  is  no  longer  fresh;  the  second,  because  their 
presence  involves  danger  to  health.  The  lack  of  satisfactory  labora- 
tory technique  for  the  detection  of  the  latter  kinds  of  bacteria  has 
caused  attention  to  be  directed  largely  towards  keeping  the  total 
number  of  bacteria  at  a  minimum  in  all  market  milk. 

Early  in  the  development  of  sanitary  milk  work,  it  became  evident 
that  the  conditicHis  under  which  the  milk  was  produced  on  the  farm 
played  a  large  part  in  determining  the  amount  of  bacterial  con- 
tamination. Consequently  it  was  reasoned  that  the  improvement  of 
bam  construction  and  of  dairy  methods  would  insure  a  safe,  pure 
milk.  As  a  result,  all  of  the  various  factors  supposed  to  affect 
milk  production  were  incorporated  in  dairy  score  cards,  the  use  of 
which  appeared  to  be  the  most  practical  means  of  obtaining  the 
desired  improvement.  These  cards  have  now  come  into  general  use 
both  by  health  officials  and  by  commercial  dairy  companies.  The 
various  conditions  or  methods  considered  essential  were  allotted 
certain  numerical  ratings  on  these  score  cards,  the  importance  and 
value  of  which  were  determined  as  well  as  could  be  done  in  the 
light  of  the  knowledge  then  available. 

The  aim  in  designing  the  score  card  was  to  instruct  the  producer 
in  the  importance  of  cleanliness  in  handling  milk  and  to  designate 
those  places  where  improvement  could  be  made.  At  the  same 
time  the  card  served  as  a  record  of  the  sanitary  conditions.  There 
was  no  thought  of  the  score  being  used  as  an  index  of  the  quality 
of  milk  produced.  Of  late,  however,  with  the  increasing  movement 
in  favor  of  grading  milk  according  to  actual  quality,  the  score  card 
has  been  drawn  into  use  as  a  convenient  means  of  determining 
grades  of  milk.  This  implies  that  there  is  a  relationship  between 
the  quality  of  milk  and  the  dairy  score.  Moreover,  there  appears 
to  be  a  widespread  belief  that  such  a  relationship  exists. 

For  this  reason  the  present  investigation  was  undertaken  to 
determine  whether  there  is  a  correspondence  between  the  actual 
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quality  of  milk  produced  and  the  dairy  score.  Furthermore,  ednoe 
there  are  several  such  cards  in  use,  a  study  has  also  been  made 
to  detemune  whether  the  scores  secured  by  the  use  of  different  cards 
agree  when  the  same  conditions  are  scored  on  each  simultaneously. 


WHAT  IS  MEANT  BY  MILK  QUALITY. 

Before  proceeding  further,  it  is  necessary  to  make  clear  what 
is  understood  when  speaking  of  milk  quality.  This  is  not  easy 
to  define  because  opinions  differ  widely  and  several  variable  factors 
must  be  taken  into  consideration.  For  the  purpose  of  discussion, 
tiie  following  definition  will  be  used:  Milk  to  be  of  high  quality 
should  (1)  have  a  food  value  suited  to  the  needs  of  the  consumer, 

(2)  should  be  free  from  visible  dirt,  unpleasant  odors  and  tastes, 

(3)  should  not  contain  an  excessive  number  of  bacteria  and  (4)  should 
be  free  from  disease  germs. 

The  di£Bculties  which  beset  an  investigation  which  attempts  to 
compare  the  actual  quality  of  milk  with  bam  scores  are  at  once 
apparent.  In  the  first  place,  the  actual  quality  of  milk  as  defined 
above  is  difficult  to  determine  by  means  of  present  laboratory 
methods.  There  is  no  way  of  accurately  measuring  such  factors 
as  od(Hi3,  tastes  and  dirt  in  milk,  nor  (from  the  standpoint  of  routine 
anal3rsis)  is  there  any  practical  means  of  detecting  the  presence  of 
disease  organisms.  In  the  second  place,  the  chemical  constituents 
of  the  milk  are  not  mentioned  on  dairy  score  cards.  This  leaves 
only  one  means  by  which  the  quality  of  milk  and  the  dairy  score 
may  be  compared,  namely,  the  bacteria  count. 

THE  INVESTIGATION. 

PLAN   OP  WORK. 

For  several  years  this  Station  has  been  investigating  the  relative 
importance  of  the  various  dairy  operations  or  conditions  specified 
(Ri  the  score  card  from  the  sanitary  standpoint.  The  work  was 
originally  planned  by  Dr.  H.  A.  Harding,  and  is  now  being  carried 
on  in  cooperation  with  the  Illinois  Agricultural  Experiment  Station. 
In  this  connection  a  comparative  study  of  score  cards  was  made. 
The  purpose  of  this  was,  primarily,  to  determine  the  agreement 
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between  the  final  scores  when  the  same  dairy  conditions  were  scored 
at  the  same  inspection  on  different  score  cards.  Many  forms  of 
cards  have  been  devised;  but  it  was  impossible  and  unnecessary 
to  make  use  of  all  in  existence.  Consequently  three  cards  were 
selected  which  were  unquestionably  representative. 

The  first  card  chosen  is  the  one  known  as  the  Official  Score  Card, 
because  of  its  endorsement  by  the  Official  Dairy  Instructors'  Asso- 
ciation. This  has  now  become  of  greater  importance  in  this  State 
because  of  its  adoption  with  slight  modification  as  the  official  card 
for  New  York  State  by  the  State  Board  of  Health.  The  second  is 
the  one  in  use  by  the  New  York  City  Board  of  Health;  and  the 
third  was  the  one  then  in  use  by  the  Dairy  Department  of  the 
Agricultural  College  at  Cornell  University.  The  three  cards  are 
reproduced  on  pages  129,  130-131, 132  respectively. 

In  order  to  conduct  such  a  comparative  study  it  was  essential 
that  someone  become  thoroughly  familiar  with  each  card  and  the 
manner  of  its  application.  This  was  imdertaken  by  the  author, 
who  had  already  become  acquainted  with  the  Cornell  card  while 
acting  as  dairy  inspector  for  the  Ithaca  Board  of  Health.  To 
become  acquainted  with  the  other  two  cards  necessitated  spending 
some  time  with  inspectors  familiar  with  the  cards  in  question.  Nearly 
three  weeks  were  spent  working  with  inspectors  for  the  New  York 
City  Board  of  Health.  One  week  was  spent  with  an  inspector 
representing  the  Dairy  Division  of  the  Bureau  of  Animal  Industry 
of  the  U.  S.  Department  of  Agriculture. 

It  must  be  recognized  that  the  interpretation  of  the  different 
cards  is  an  unportant  and  varying  factor.  Two  inspectors,  working 
independently,  do  not  score  the  same  conditions  exactly  alike  on 
the  same  card;  and  even  the  same  inspector  cannot  score  the  same 
conditions  alike  at  different  times.  In  the  preliminary  study  the 
aim  was  to  learn  the  general  interpretation  of  each  card  from  persons 
familiar  with  its  use  and  then  to  apply  all  three  cards  simultaneously 
to  the  same  conditions  with  the  personal  element  controlled  by 
having  the  scoring  done  by  one  person.  Every  scoring  was  made 
very  carefully,  giving  each  card  as  nearly  as  possible  the  inter- 
pretation officially  accepted,  regardless  of  any  personal  opinions 
held  by  the  scorer. 

The  interpretations  of  the  cards  given  on  pages  134  and  135 
were  found  to  be  in  use  by  the  inspectors. 
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OmcLAi*  SooRB  Card. 
Uflitad  Steto  Department  of  Agriculture,  Bureau  of  Animal  Industry. 

Dairy  Division. 
Indowed  by  tlie  Official  Daiiy  Instnicton'  AnoeiatioQ. 
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ORIGINAL. 


% 


Equipment        40%    Boom 

Methods  60%    Soo» % 

PMfecC  Dairy  100%    8oora_ 


.% 


DEPARTMENT  OF  HEALTH. 


THE  CTTT  OF  NEW  TOBK. 


DMilom  ut  Mat  iMfedioB. 


InapeotioQ  No ^Time. 


.JL.  P.  M. 


Date. 


.191. 


P.  O.  Addraaa. 

Party  Inteniewed.. 


State 


Fonnerly  at. 

-AddraM- — .  ,.  , 


2  P.  O.  Addraaa. 

3  ComUy State. 

4  Milk  delivered  to  Creamery  at. 

5  Operated  by 

6  Distance  of  farm  from  Creamery Occupied  farm  since 

7  No.  Cows. No.  Milking No.  Qts.  Produced 

8  AU  persons  in  the  households  of  those  engaged  in  producing  or  handling  milk  are. 

free  from  all  infectious  disease.     Weekly  reports  are being  filed 

9  Date  and  nature  of  last  case  on  farm. 

10  WATER  SUPPLY  for  utensils  is  from  a. located Jeet  deep 

ftnH  apparently  is...... ...pure  and  wholesome... .......... . ._ «^. 

State  any  possible  contamination  located  within  200  feet  of  source  of  water  supply  or  if  water 
supply  is  not  protected  against  surface  drainage . 


11  Water  supply  on  this  farm  analysed. 


191 

Width it, 


Result. 


12  Style  of  Cow  Bam. Length. it.    Width it.     Height  of  ceiling ft. 

13  Dairy  Rolea  of  the  Department  of  Health  are .posted 

14  Dairy  Herd  examined  by cm 191 Report-. 


EQUIPMENT 

15  COW  STABLE  ia. ^located  on  elevated  ground  with  no  stsgnant 

water,  hog-pen,  privy,  uncovered  cesspool  or  manure  pit  within  100  feet.... 

16  FLOORS,  otMr  than  cow  beds,  are of  concrete  or  some  non-absorbent 

materiaL 

17  Floors  are properly  graded  and  water-tight. 

18  Cow  beda  ara ^of  concrete  or  planks  laid  on  concrete. 

19  DROPS  are constructed  of  concrete,  stone  or  some  non-absorbent 

material ..,  ....^^^ — ...............^ — . ........ ...... — — .. 

20  Drops  are water-tight  and  q>ace  beneath  is  clean  and  dry 

21  CEILING  is  constructed  of. .and  is. tight  and  dust  proof 

22  WINDOWS  No total  square  feet there  is 2  aquara 

feet  ci  window  light  for  each  600  cu.  ft.  air  q;>aoe  (1  bq.  ft.  per  each  600  cu. 

23  VENTILATH^lf  consists  of jsq.  ft.  muslin  covered  openings  or 

jBQ.  ft.  open  chutes  in  ceilini^  or. 

which  is  sufficient  3,  fair  2,  poor  1,  insufficient  0.... 

24  AIR  SPACE  is cu.  ft.  per  cow  (600  and  over--3)  (600  to  600—2) 

(400  to  600—1)  (under  400—0) 

26  UvE  STOCK,  other  than  cows,  are excluded  from  rooms  in  which 

milch  cows  are  kept : .. 

20  There  is. direct  opening  from  stable  into  silo  or  grain  pit...^ 

27  Separate  quarters  are provided  for  cows  when  calving  or  sick 

28  CDW  YARD  is .propeny  graded  and  drained 

29  WATER  SUPPLY  for  cows  is unpolluted  and  plentif  uL 


Perfect. 


AUow. 


2 
2 
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2 
2 



2 

8 
3 
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1 
2 

1 
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30  Bfnx  HOUSE  hao ^direct  openioc  into  oow  bam  or  other  building. 

31  Milk  boose  baa sufficient  light  and  ventilation 

32  Floor  is .properly  graded  and  water-tight. 

33  BCilk  house  is jtropeTly  screened  to  exclude  flies 

34  Milkpails  arr of  smoothly  tinned  metal  in  good  repair 

35  MILK  PAILS  have all  seams  soldered  flush^ 

IS  Ifilk  paUs  are ^of  the  smallHaaouthed  design,  top  opening  not  exceed- 
ing 8  inebes  in  diameter.     Diameter. 

37  Rscks  are. ...^jprovided  to  hold  mUk  paib  and  cans  when  not  in  use... 

son  %r*     I  ,  ,       prfy^ndfd  ,  ..,  


METHODS 


.which  is  satis- 


3P  STABLE  INTERIOR  painted  or  whitewashed  on 
fsctoty  3«  fair  2,  unsatisfactory  1,  never  0 ,.. 

40  RBNNG  TROUGHS^  platforms  or  cribs  are well  lighted  and  clean 

41  GiBag  is free  from  hanging  straw,  dirt  or  oobweba., 

42  Whisw  aaaea  are .washed  and  kept  clean 


.^ree  from  dirt,  dust,  numure  or  cobwebs 
.Jrse  from  dirt,  rubbish  or  decayed 


43  WAUS  AND  LEDGES  are.. 

44  IUN>R8  AND  PREMISES  are. 

saimal  or  vegetable  matter 

45  OOW  BEDS  areu.^.. clean,  dry  and  no  horse  numure  used  thereon. 

46  lisaara  is removed  to  field  duly  4,  to  at  least  100  feet  from  bam  2, 

•lored  less  than  100  feet  or  where  cows  can  get  at  it  0 

47  Ufsld  aalter  is        allowed  to  saturate  ground  under  or  around  cow  bam 

48  MiUag  sloola  are clean 

40  Cew  Yard  is clran  and  free  from  manure. 

50  GOWS  have been  tuberculin  tested  and  all  tuberculous  cows  removed 

51  Cows  are. .all  in  good  flesh  and  condition  at  time  of  inq;>ection 

52  Cows  are all  free  from  clinging  nuuiure  and  dirt.     (No.  dirty ) 

53  LONG  HAIRS  are kept  short  on  beUy,  flanks,  udder  and  tail 


54  UDDER  AND  TEATS  of  oows  are thoroughly  brushed  and  wiped 

with  a  clean  damp  cloth  before  milking 

55  AU.  PEED  is of  good  quality  and  distillery  waste  or  any  substance 

in  a  state  of  putrefaction  is ied 

56  MILXING  isu .done  with  dry  hands. 


57  FORE  MILK  or  first  few  streams  from  each  teat  is^ ^discarded 

58  CMkt^  of  milkera  is. clean. 

SO  Psrilities  for  washing  hands  of  milkers  are ^provided  in  cow  bam  or 

muk  bousi^ ....^......-..^ .^ —».....^.~~.— ................  .._w..~.....~ 

00  MIk  b  stained  at..  .,    .and in  clean  atmosphere 

61  Idk  is cooled  within  two  hours  after  milking  to  60  degrees  F.  3,  to 

55  degrees  F.  2.  to  60  decrees  F.  1 

62  lee  ii used  for  ooolmg  milk. 


. Jree  from  dirt,  rubbish  and  all  material  not  used 


03  MILK  HOUSE 

in  the  handling  and  storage  of  milk. 

04  MIk  aleiHBa  are rinsed  with  cold  water  immediately  after  using 

and  washed  dean  with  hot  water  and  washUi^  solution 

05  Uteosik  are..        .stwilised  by  steam  or  boihng  water  after  each  using. 

06  PH^  is in  sanitary  oondition,  with  vault  and  seats. covered 


and  protected. 
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ConMll  Soon  Card  for  Froduotlon  of  Saaitaiy  BfUk. 


DidryoL 


P.O. 


Betalledby. 


Health  and  oomf ort  of  the  eowa  and  their 
uc^tioD  when  eiok  or  at  calving  time. . 

Looation,  lighting  and  ventilation  of  the 
irtflhl« 

Tl„^„  -A    <* 

x^eneob  score. 

Cuts. 

L  HEALTH  OF 

THE    HKRD    AND 

ITS 

PROTECTION. 

45 

35 
20 

Food  and  water 

Total 

100 

Cows 

30 
20 
20 
80 

IL    CLEANLINESS 

Stable 

OF     THE      COWS 

Baniyard  and  paetnre 

AND  THEIR 

Stabfe  air  (freedom  from  dust  and  odors) . 
Total 

SURROUNDINGS. 

100 

m.  CONSTRUC- 

Conetruotion of  utensils  and  their  cleaning 
and  stwiKsing 

40 

25 
20 
15 

TION  AND  CARE 
OF  UTENSILS. 

Water  supply  for  okianing  and  location 
and  protection  of  its  source 

Care  of  utensils  after  eleaning 

Total 

100 

Health  of  employees 

45 
30 
25 

IV.  HEALTH  OF 
EMPLOYEES 

Clean  over-afl  milkinc  suits  and  milking 
with  dean,  dry  hands 

AND   MANNER 
OF  MILKING. 

Quiet  milking,  attention  to  cleanliness  of 
the  udder  and  discarding  the  foremilk. . 

Total 

100 

Prompt  and  efficient  oooling 

Handling  milk  in  asanitary  room  and  h(M' 
ing  it  at  a  low  temperature 

35 

35 
30 

y.   HANDLING 
THE  MILK. 

Protection  during  transportation  to  market 
Total 

100 

TOTAL  OF  ALL  SCORES 

500 

If  the  total  of  all  scores  is 

480  or  above 

450  or  above 

400  or  abova 

Below  400. 


And  each  division  is 

90  or  above. 

« 80  or  aboveL 

00  or  abovei 

Or  any  division  is  below  60., 


The  sanitary  conditiona 

EXCELLENT 

^  GOOD 
^  BiEDIUM 
-.  POOR 


Theaamtary 

eonditioos  arsL 


Scored  by. 
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HEALTH  OF  HERD  AND  ITS  PROTECTION. 

No  toberaalm  tost,  12. 

Old  tobenaliii  test  (o¥«r  one  ymt),  12. 

Rigid  staoehioiw  (not  out  wlwa  oows  w«n  oonfined  only  during  milking,  m  in 

li^b*,  1  to  5^  aoooiding  to  oonditions. 

No  BMcsial  qratam  of  vontilation,  2. 

VenUation  1  to  5. 

No  oomfortable  provMioa  for  inflation  or  oahing  ootade  of  stable  oontaining 


ng  eowBy  5 


poorly  buiH  to  protect  from  the  weather,  1  to  5. 


GLEANLINBBS  OF  COWS  AND  THEIR  SURROUNDINGS 

Bfauora  or  dost  on  oowa.  1  to  10. 

Hnr  about  udden  not  enpped,  1. 

Dwmp  doth  not  need  on  nddoi  before  milWiig^  2 

Littflr  or  rou^iage  on  stable  floor,  1  to  5. 

Ceilnig  not  tight,  1  to  6. 

Gobiiebe  and  dust  in  stable,  1  to  6. 

Stable  not  whitewaahed  within  one  year,  5. 

Hone  in  oow  stable,  5. 

liannre  not  lemoyed  onoe  per  day,  1  to  10. 

Ifanne  or  mud  in  bamjrafd  to  which  oowa  haTO  aooeas,  1  to  10. 

Feeding  dry  feed  jost  Man  milking,  1  to  10. 

ObjectSmaMe  odors  in  stable,  1  to  5. 


OONSTRUCnON  AND  CARE  OF  UTENSHB 

Lunffioent  cleaning,  1  to  5. 

No  special  sterilisation  (no  steam),  5. 

No  small-topped  pail,  15. 


HEALTH  OF  EMPLOYEES  AND  MANNER  OF  MILKINQ 

No  special  dean  milking  suits,  5. 
Dirty  suits,  1  to  5. 
lfaim«  with  wet  hands,  10. 
Undean  hands,  1  to  Ob 

HANDLING  THE  MILK. 

Not  cffideotly  cooled  (AT  F.  or  bdow). 

SO*  to  eo*,  cut  5. 

or  to  70»,  10. 

above  71%  15. 
Not  held  at  50^  F.  or  bdow,  6. 
mik  strained  in  stable,  5. 
MUk  room  not  dean,  1  to  5. 
No  mOk  room,  3. 


^  These  were  the  cuts  as  applied  to  actual  conditions.    More  unsanitary  surround* 
wouU  merit  greater  cuts  than  those  indicated. 
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New  York  CUy  card, —  In  rating  the  various  requirements  on  this 
oard»  full  credit  was  allowed  any  condition  or  method  which  was 
considered  perfect,  but  if  imperfect  in  any  way  it  was  given  zero. 
No  attempt  was  made  to  divide  any  of  the  points  according  to  actual 
conditions,  except  as  spedfied  on  the  card  itself. 

Official  card. — ^Each  individual  requirement  on  this  card  was  allowed 
due  credit  according  to  its  actual  condition  or  degree  of  compliance, 
so  far  as  possible.  In  other  words,  the  aim  was  to  recognise  even 
slight  changes  in  sanitary  conditions  since  the  previous  inspection. 
All  ratings  were  made  upon  a  percentage  basis,  determined  by  the 
judgment  of  the  inspector.  Take,  for  instance,  the  question  of  the 
cleanliness  of  the  ceiling  which  was  scored  1  point  by  the  inspector 
if  perfect.  If  the  celling  was  not  clean  the  inspector  would  take 
into  account  the  cobwebs,  straws,  etc.,  and  might  conclude  that 
the  ceiling  was  25  per  ct.  dirty.  He  would  then  deduct  25  per  ct. 
from  100  per  ct.  and  write  the  score  down  as  .75.  Strictly  speaking 
this  method  of  deduction  is  equivalent  to  scoring  on  the  baas  of 
10,000  and  therefore  requires  an  impossible  mathematical  accuracy, 
especially  when  dealing  with  such  intangible  and  unmeasurable 
factors  as  are  found  on  all  dairy  score  cards.  Exceptions  were  made 
in  a  few  instances  where  the  cuts  were  specified,  and  in  a  few  others 
such  as  "  Food  "  and  "  Water  "  where  full  credit  was  allowed  in  all 
ordinary  cases. 

Cornell  card, —  The  system  of  cuts  used  with  this  card  was  flexible, 
although  fairly  well  standardized  (see  page  133). 

In  actual  practice  it  is  possible  to  subject  any  of  the  cards  to 
widely  different  interpretations.  In  fact,  one  instance  is  known 
where  the  Official  card  is  interpreted  in  a  way  quite  similar  to  that 
described  imder  the  New  York  City  card.  The  three  cards  were 
used  in  this  investigation  according  to  the  interpretations  just 
described. 

An  examination  of  the  cards  reveals  the  fact  that  each  is  made 
out  on  a  somewhat  different  basis;  although  there  is  a  marked 
similarity  between  the  Official  and  New  York  City  cards.  On 
both,  a  perfect  score  is  rated  100  per  ct.  of  which  40  per  ct.  is  allowed 
for  equipment  and  60  per  ct.  for  methods.  These  two  cards,  how- 
ever, differ  considerably  in  treatment  of  various  bam  conditions 
or  methods.  For  instance  the  New  York  City  card  places  much 
emphasis  upon  the  nec^ty  of  a  concrete  or  other  non-absprbent 


New  York  Agricultural  Experiment  Station.         136 

floor  (10  points  in  all)  while  the  Official  card  simply  requires  a  tight, 
sound  floor  with  proper  gutter  (2  points  in  all)  and  makes  no  refer- 
ence to  the  material  used  for  construction.  There  are  several  other 
uistances  where  differences  occur,  one  of  the  most  important  of 
which  is  that  the  Official  card  devotes  16  points  to  the  handling  of 
the  milk  immediately  after  it  is  drawn  from  the  cow  while  the  New 
York  City  card  devotes  but  5  points  to  the  same  thing. 

The  numerical  basis  of  the  Cornell  card  is  entirely  different  from 
that  of  the  other  two  cards.  Dairy  operations  or  conditions  are 
classified  under  five  headings  with  a  perfect  score  of  100  for  each, 
making  a  total  score  of  500.  The  bams  are  then  classed  as 
"Excellent,"  "Good,"  Medium"  or  "Poor,"  according  to  their 
score. 

Since  this  work  was  cconpleted  the. following  changes  have  been 
made  in  the  Official- card.  •  The- item  '^-  Food  (elean  and  wholesome)" 
has  been  reduced  from  2^ppmfe'  'Ixj  1  ^ppint  Tor  a  perfect  score.  The 
item  with  refer«ieeto  water- -has  been'- ebcmged  to  read  "Water 
(clean  and  fresh)"  allowing  1  point  in  place  of  2,  tor  a  perfect  score. 
The  number  of  points  allowed  for  the  use  of  small-top  pails  has 
been  increased  hoax  3  points  to  5  points.  Under  the  subdivision 
"  Utensils "  the  item  "  Facilities  for  steam  1  point  (Hot  water 
0.5) "  has  been  transferred  to  subdivision  "  Milk  room  or  milk 
house." 

The  present  study  of  dairy  scores  as  compared  with  the  quality 
of  milk  was  made  on  the  milk  supply  of  a  New  York  State  city  of 
about  14,000  people.  The  milk  was  produced  from  about  forty 
farms.  Nearly  all  of  the  farmers  were  grain  and  fruit  growers  and 
regarded  the  dairy  as  a  minor  source  of  income.  For  several  years, 
the  local  health  board  had  been  exercising  supervision  over  the 
sanitary  conditions  and  consequently  the  dairymen  were  accustomed 
to  insp^^ion  and  score^card  requirements.  With  the  exception  of 
two  independent  milkmen  all  of  the  milk  was  distributed  by  two 
retail  companies  to  whom  the  producers  delivered  their  milk  each 
mcHiiing  in  40-quart  cans  washed  by  the  respective  companies. 

After  becoming  familiar  with  the  application  of  each  card  the 
dairies  studied  were  given  three  scorings  at  different  times.  In 
connection  with  the  third  scoring,  a  comparison  was  made  between 
the  bacteria  counts  and  the  bam  scores.  This  was  done  during 
July  and  August  of  1913. 
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bacterioloqioal  bxahinations. 

Methods  of  sampling. —  Separate  samples  of  night  milk  and  morn- 
ing milk  fiom  each  producer  were  takai  daily  for  one  week  directly 
from  the  can  as  it  was  placed  upon  the  milk  station  platform.  If 
a  producer  had  sev^al  cans,  a  composite  sample  was  taken  from 
all  of  the  cans  containing  milk  of  the  same  age.  The  milk  in  each 
can  to  be  sampled  was  first  stirred  with  a  long-handled  dipper  by 
means  of  which  a  sample  was  transferred  to  a  sterile  pint  milk 
bottle.  At  no  time  was  night  milk  less  than  twelve  nor  more  than 
fifteen  hours  old  when  deliyered,  while  morning  milk  was  never  more 
than  four  hours  old. 

PlaHng. —  The  samples  were  taken  at  once  to  the  laboratory  and 
plated  in  lactose  agar  made  according  to  the  following  formula: 


Mg's  beef  extract 5  srams 

Witte'8  peptone 10      « 

•Agar 16     « 

Lactose 10     • 

Distilled  water 1,000  o.e. 

The  acidity  was  determined  and  adjusted  so  that  at  no  time  was 
it  less  than  1.3  per  ct.  nor  more  than  1.5  per  ct.  normal  add  to 
phenolphilialein.  The  plates  were  prepared  in  duplicate  uamg  two 
dilutions;  and  the  period  of  incubation  was  5  days  at  21^  C.  (70^  F.). 
Counting  was  done  with  the  aid  of  a  hand  lens. 

The  milk  from  thirty-four  producers  was  plated.  Two  of  these 
used  ice  in  cooling,  while  the  remaind^  either  used  an  aerator  with 
running  water  or  placed  the  cans  in  vats  of  water.  The  cooling 
was  applied  chiefly  to  night  miUc  and  nearly  all  of  the  morning  milk 
was  still  warm  when  delivered.  Thus  the  factors  of  age  and  tempera- 
ture were  fairly  well  known  and  are  comparable.  Tlie  temperature 
of  practically  all  of  the  morning  milk  was  above  68^  F.,  while  that 
of  ni^t  milk  ranged  between  55^  and  66^  F. 

In  addition  to  the  bacteria  counts  of  the  milk  a  sediment  test 
was  made  for  the  insoluble  dirt.  This  was  done  by  filtering  each 
pint  of  milk  through  a  cotton  disk  after  the  sample  had  been  taken 
for  plating.  Since  no  means  was  at  hand  f (ht  measuring  and  esqpres^- 
ing  the  visible  dirt,  quantitatively,  these  results  were  left  out  of 
conaderation.  So  far  as  could  be  observed,  however,  there  was 
no  relation  between  the  amount  of  dirt  visible  on  the  cott(»i  disk 
and  the  bam  score.  Some  of  the  cleanest  milk  came  from  the  lowest 
scoring  bams. 
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experimental  data. 

This  diflcUBBiQn  will  be  facilitated  if  the  quality  of  milk  is  con- 
sidered in  the  light  of  the  bacterial  requirements  for  the  grades  of 
milk  established  by  the  New  York  City  Board  of  Health  regulations 
and  by  the  State  Sanitary  Code.^  The  bacterial  requirements  by 
New  Y(»rk  City  are  as  follows  for  each  grade. 

Grade  A  milk  raw  shall  not  at  any  time  previous  to  delivery  to  the 
consumer  contain  more  than  60,000  bacteria  p^  cubic  centimeter. 

Grade  A  milk  pasteurized  shall  not  contain,  previous  to  pasteur- 
isation, more  than  200,000  bacteria  per  cubic  centimeter;  nor  more 
than  30,000  after  pasteurization. 

Grade  B  milk  must  be  pasteurized  and  shall  not  average,  previous 
to  pasteurizat](HX,  more  than  300,000  bacteria  per  cubic  centimeter 
if  pasteurized  outside  of  the  dty;  but  if  pasteurized  within  the  dty 
the  maximum  average  allowed  is  1,500,000  bacteria  per  cubic  centi- 
meter. After  pasteurization  it  shall  not  contam  more  than  100,000 
bacteria  per  cubic  centimeter. 

Grade  C  milk  must  be  pasteurized  and  must  not  be  sold  if  it 
contains  more  than  300,000  bacteria  per  cubic  centimeter  after 
pasteurization. 

Where  the  bacterial  standards  are  used  for  the  grades  of  milk 
established  by  the  State  Code  they  are  quite  similar  to  those  estab- 
lished by  the  New  York  City  regulations.  The  requirements  for 
Grade  A  milk  raw  and  pasteurized  are  identical.  Provision  is  made, 
however,  for  Grade  B  raw,  the  requirements  being  that  this  grade 
of  milk  shall  not  contain  more  than  200,000  bacteria  per  cubic 
centimeter  at  any  time  previous  to  delivery  to  the  consumer.  The 
requirements  for  Grade  B  milk  pasteurized  are  similar  to  those 
tor  New  York  City  except  that  nothing  is  said  in  regard  to  pasteur- 
izing milk  within  a  city  and  the  bacterial  requirement  is  so  worded 
that  no  milk  containing  more  than  300,000  bacteria  per  cubic  centi- 
meter can  be  pasteurized  and  sold  as  Grade  B.  This  is  a  more 
stringent  requirement  than  the  New  York  City  requirement.  The 
State  Code  makes  provision  for  both  Grade  C  raw  and  Grade  C 
pasteurized  but  places  no  limits  upon  the  bacterial  content  of  either. 
Both  health  departments  exclude  all  milk  which  is  produced  in 
dairies  that  ecore  below  40  points. 

*T1»  Suutary  CV)dB  estaUidied  by  the  INibfio  Health  CV>mufl  New 

York,  Chapter  HI  MOk  and  Oieam.    Nov.  16, 1014.    Imied  by  the  New  York  State 
DepartmBiit  of  Health,  Albany,  N.  Y. 
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A  comparative  study  between  the  barn  scores  and  the 

bacteria  counts  of  the  milk. 

Table  I  contains  a  summary  of  the  results  obtained  from  each 
of  the  farms  studied  in  this  investigation.  The  results  are  arranged 
with  reference  to  the  bacteria  count  of  night  milk,  placing  the 
lowest  first.  The  scores  made  simultaneously  with  the  three  cards 
are  placed  opposite  each  count. 

Tabus  I. —  A  Comparison  Between  the  Bacteria  Count  or  Night  Miul  and 

THE  Dairy  Scores  of  Thirtt-four  Farms. 


Fann 
number. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


Plate  count  per  c.  c. 


P.  M.  milk. 


1 
1 
1 
2 
2 
3 
3 
3 
4 
4 
5 
13 
67 


7,580 

54,000 

98,000 

102,000 

118,000 

138,000 

148,000 

162,000 

267,000 

300,000 

313,000 

380,000 

537,000 

538,000 

570,000 

687,000 

732,000 

762,000 

777,000 

812,000 

937,000 

,442,000 

,758,000 

,758,000 

,700,000 

,909,000 

,056,000 

,158,000 

,167,000 

,180,000 

,215,000 

,239,000 

,356,000 

,820,000 


A.  M.  milk. 


13,000 
57,000 


29,000 
52,000 
21,000 
34,000 
18,000 
99,000 


907,000 

165,000 

610,000 

58,000 

"326;666 

13,000 

67,000 

153,000 

"*46i666 
103,000 

ii282i666 


163,000 
3,219,000 
1,284,000 


New  York  City 
score. 


Total. 


34 
43 
41 
45 
36 
36 
49 
28 
35 
31 
53 
39 
57 
35 
45 
73 
38 
58 
47 
53 
40 
50 
39 
35 
55 
40 
27 
40 
50 
86 
42 
36 
38 
38 


Meth- 
ods. 


20 
28 
25 
25 
21 
22 
26 
15 
21 
19 
24 
22 
30 
18 
22 
41 
20 
29 
29 
29 
22 
29 
23 
23 
24 
20 
14 
27 
30 
50 
18 
22 
23 
25 


Official  score. 


Total 


56.90 
53.65 
54.90 
56.60 
49.00 
53.85 
49.45 
51.35 
56.30 
45.95 
57.20 
54.15 
55.70 
50.10 
48.70 
73.08 
50.45 
66.10 
58.65 
57.35 
50.05 
49.75 
54.95 
49.65 
64.25 
55.40 
59.00 
55.90 
58.75 
79.40 
48.95 
57.80 
49.85 
53.60 


Meth- 
ods. 


36.35 
36.50 
35.20 
33.90 
28.45 
33.85 
29.15 
31.55 
34.40 
29.10 
36.35 
31.75 
31.90 
32.15 
29.05 
38.63 
29  25 
37.20 
34.10 
34.40 
28.65 
27.75 
32.05 
32.15 
30.60 
31.65 
37.45 
31.15 
29.70 
43.35 
28.10 
39.00 
30.20 
29.80 


Cornell 
Boore. 


Total. 


430  M* 

446  M 
432M 
439M 
428M 
437M 
433M 
430M 
433M 
401  M 
432  M 

416  M 
442M 
422M 
435M 
4690 
436M 
455G 
450G 
442M 
429M 
413  M 

447  M 
439M 
451  G 
430M 
439M 
433M 
451  G 
481  E 

417  M 
428  M 
436  M 
433M 


*£» Excellent,  G»Qood,  M  =  Medium.    Seepagel35. 
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The  lack  ot  relationship  between  the  quality  of  milk  as  expressed 
by  the  bacteria  count  and  the  conditions  surrounding  its  production 
as  expressed  by  the  bam  score  is  the  most  striking  thing  noticed 
in  a  study  of  this  table.  Apparently  no  correlation  exists  between 
the  bacteria  count  and  the  bam  score  as  expressed  by  any  one 
of  the  cards.  In  this  particular  series  of  analysis,  all  of  the  dairies 
with  high  scores  produced  milk  with  relatively  high  bacteria  counts, 
while  the  best  quality  of  milk  from  a  bacterial  point  of  view  was 
produced  in  low-scoring  bams. 

Both  the  State  Sanitary  Code  and  the  New  York  City  Regu- 
lations specify  in  their  requirements  for  Grade  A  and  Grade  B 
milk  that  a  dairy  must  score  at  least  a  certain  percentage  in  equip- 
ment and  a  certain  percentage  in  methods.  These  two  percentages, 
when  added  together,  make  the  total  minimum  score  required  for 
each  grade.  It  is  possible  for  a  dairy  to  be  deficient  in  one  of  these 
and  at  the  same  time  be  nearly  ideal  in  the  other.  In  fact,  it 
frequentiy  happens  that  the  excess  in  one  sufficiently  overbalances 
the  deficiency  in  the  other  to  cause  the  total  score  of  the  dairy  to 
be  high  enough  to  meet  the  requirements  for  the  next  higher  grade. 
Yet  owing  to  the  deficiency  in  methods  or  equipment  the  milk  is 
placed  in  the  lower  grade.  This  condition  actually  happened  in 
sixteen  cases  among  those  dairies  scoring  55  per  ct.  and  above.  The 
deficiency,  in  every  case  but  one,  was  in  methods.  On  this  account 
an  objection  may  be  raised  to  comparing  the  score  of  these  dairies 
to  the  bacteria  coimt  of  the  milk  produced,  on  the  ground 
that,  if  these  dairjrmen  had  improved  their  methods  the  bacteria 
count  might  have  been  lowered;  a  possibility  which  must  be  admitted. 

It  is  usually  thought  that  the  methods  employed  in  dairies  are 
of  greater  importance  in  determining  the  bacteria  quality  of  the 
milk  than  the  equipment,  yet  if  the  bacteria  count  of  the  milk 
produced  on  the  farms  studied  is  compared  to  the  score  of  methods 
alone  (See  Table  I,  columns  2,  5  and  7)  it  will  be  seen  that  the  same 
lad^  of  relationship  exists  as  when  the  bacteria  counts  are  com- 
pared with  the  total  scores.  For  instance  Farms  16  and  30  score 
considerably  higher  in  methods  than  do  any  of  the  other  farms, 
yet  the  milk  produced  from  these  two  farms  is  markedly  inferior 
to  that  produced  from  the  first  eight  farms.  According  to  the 
New  York  City  card,  the  methods  employed  by  twenty-eight  dairy 
farms  range  in  score  between  twenty  and  thirty  points.    Thus,  so 
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far  as  the  score  is  oonoemed,  the  methods  of  these  farms  vary  but 
little  while  there  is  a  great  variation  in  the  bacterial  condition  of 
the  milk  produced.  A  similar  condition  holds  in  regard  to  the 
scores  for  methods  on  the  Official  card. 

A  similar  comparison  can  be  made  in  Table  III  (Ck>lumns  2, 3  and 
5)  between  the  bacteria  count  for  morning  milk  and  the  score  for 
methods.  Since  this  milk  was  only  a  few  hours  old  when  examined 
the  question  of  bacterial  growth  due  to  age  and  insufficient  cooling 
is  less  important,  and  a  relationship  would  be  shown  if  any  were 
present.  Since  there  is  no  evident  relationship  evea  in  this  case  for 
either  the  Official  or  New  York  City  cards  it  must  be  concluded 
that  none  exists. 

There  are  four  bams  among  the  first  eight  in  Table  I  which  score 
below  40  per  ct.  (the  point  of  exclusion)  on  the  New  York  City  card 
yet  from  which  a  milk  is  produced  which  could  be  pasteurijBed  as 
Grade  A  milk  so  far  as  bacterial  requirements  are  concerned.  The 
milk  from  twenty-six  of  these  dairies  ranged  in  bacteria  count  from 
267,000  to  57,820,000  per  cubic  centimeter.  Of  these,  elev» 
score  below  40  per  ct.  on  the  New  York  City  card  and  would 
therefore  be  excluded  from  selling  milk  in  that  city.  This  leaves 
sixteen  farms  which  would  be  allowed  to  sell  milk  so  far  as  scare  is 
concerned.  Among  these  are  all  of  the  dairies  with  high  scores, 
several  of  which  produced  milk  with  higher  bacteria  counts  than  did 
some  of  the  excluded  dairies.  If  the  score  by  the  Official  card  were 
accepted  as  a  basis  none  of  the  dairies  would  be  excluded.  There 
still  exists,  however,  the  same  lade  of  correlation  between  the  bact^ia 
count  and  the  scores  as  in  the  case  of  the  New  York  City  card. 
This  same  statement  likewise  applies  to  the  Cornell  card.  In  this 
series,  high  counts  occur  in  milk  produced  in  dairies  rating  as  **  Ex- 
cellent," "Good"  or  ''Medium"  while  the  low  count  milk  all 
comes  from  ''  Medium  "  dairies. 

Farm  1  presents  an  interesting  case.  According  to  the  New 
York  City  score  this  producer  would  be  excluded.  If  the  quality  of 
milk  were  to  be  determined  by  the  score  alone  it  would  be  rated  as 
distinctly  bad.  On  the  contrary,  however,  extensive  bacteriological 
examinations  of  the  milk  from  this  farm  show  that  sudi  care  was 
used  in  handling  of  the  milk  that  it  was  invariably  of  excellent  quality. 
During  the  months  of  April  and  May  of  the  same  year  (1913)  23 
samples  of  night  milk  gave  an  average  plate  count  of  9,950  per  cubic 
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eentiineter  —  the  highest  being  34,000;  while  23  samples  of  morning 
milk  averaged  16,000  per  cubic  centimeter  —  the  highest  being 
67,000.  The  low  count  obtained  in  the  protracted  study  of  the  milk 
frofm  this  particular  farm  together  with  the  low  coimts  obtained  in 
both  morning  and  night  milk  from  the  first  eight  farms  (Table  I) 
clearly  indicate  that  these  farmers  were  consistent  in  observing 
care  with  regard  to  those  factors  most  liable  to  produce  a  high 
bacteria  count  in  the  milk.  In  view  of  the  high  bacteria  coimts 
in  milk  produced  in  the  high-scoring  bams,  it  is  evident  that,  if 
these  factors  are  all  included  in  the  present  score  cards,  then  they 
either  cannot  be  expressed  mathematically  or  else  they  have  not 
beoi  ^ven  their  correct  mathematical  value. 

TaMIM  n. — SCOBBB  ON  LoWHSOOBING  AND  HtaH-SCORDTO   DaIBIBS. 

FABM  1. 


Garduaed. 


New  Toik  Gty  Canl. 


Official  Card. 


Nov.  21, 1012 
Jan.  28, 1013 
July  10, 1913 
Oct.  23,1013 
Soore  reqfoired  to  produoe  Gnde  O  milk 


Date  of 
inspection. 


Nov.  21, 1012 
Jan.  28, 1913 
July  10, 1013 
Oct.  23,1013 


Scores  for 
equipment. 


11 
12 
14 
14 

10.00 
18.05 
20.55 
20.00 


Sooresfor 
methods. 


18 
20 
20 
18 

20.00 
30.00 
36.35 
20.40 


Total 


20 
32 
34 
32 

48.00 
40.00 
56.00 
50.30 
40 


FARM  30. 


Nev  York  City  Gacd. 


OiidaiGaid 


Dec.    3,1012 
Feb.    6,1013* 
July  — ,  1013 
Seen  required  to  pit)dnee  Grade  A  raw  miUc 


Dec.  3,1012 
Feb.  6,1013 
July  — ,  1013 


30 
20 
36 

33.00 
34.45 
36.05 
25 


52 
50 
50 

42.70 
46.45 
43.35 
50 


82 
70 
86 

76.60 
80.00 
70.40 
75 


As  will  be  seen,  Farm  30  has  a  high  bacteria  count  while  the  score 
entitles  it  to  produce  Grade  A  milk.  Bacteriological  examina- 
tktts  of  the  miUr  from  this  farm  show  comparatively  wide  fiuctua- 
tiona    One  series  of  ten  morning  milk  samples,  taken  during  the 


142   Report  op  the  Department  of  Bacteriology  of  the 

fall  of  1912  gave  an  average  plate  count  of  207,000  per  cubic  centi- 
meter —  the  lowest  being  55,000  and  the  highest  466,000.  Another 
series  of  twelve  night  milk  samples,  taken  in  November,  1914, 
averaged  33,000  per  cubic  centimeter  —  the  lowest  being  5,200  and 
the  highest  87,000.  The  factors  which  caused  these  variations  are 
difficult  to  determine.  Bacterially  this  milk  fluctuated  from  Grade 
A  raw  to  Grade  C  during  the  period  of  investigation.  In  this  con- 
nection, it  should  be  noticed  that  the  scores  made  on  Farms  1  and 
30  did  not  change  appreciably  in  inspections  made  at  different 
times  as  shown  in  Table  II. 

According  to  the  Cornell  card.  Farm  1  scored  416,  418,  430  and 
434  and  Farm  30-482,  482  and  481,  respectively,  the  former  being  in 
the  "  Mediimi  "  class  and  the  latter  in  the  "  Excellent  "  class. 

Some  may  contend  that  it  is  unfair  to  compare  the  bacterial 
content  of  night  milk  and  the  bam  score  on  the  ground  that  the  age 
of  the  milk  and  varying  temperatures  to  which  it  had  been  subjected 
had  had  such  a  marked  influence  on  the  growth  of  bacteria  that 
any  possible  relationship  between  score  and  bacteria  count  would 
have  been  completely  obscured.  This  objection  is  offset  to  a  con- 
siderable degree  in  a  comparison  which  has  been  made  between  the 
score  on  the  three  cards  and  the  bacteria  count  of  morning  milk 
reported  upon  in  Table  III.  As  previously  stated,  none  of  the  morning 
milk  was  older  than  four  hours  at  the  time  of  delivery;  and  in  only 
one  case  did  the  temperature  average  less  than  68^  F.,  while  the 
highest  was  77°  F.  Therefore  these  two  factors  were  fairly  well 
controlled  or  were,  at  least,  of  much  less  importance  than  in  the 
night  milk.  There  is  little  doubt  but  that  the  bacteria  count  under 
these  conditions  more  truly  indicates  the  initial  contamination. 

According  to  Table  I,  the  milk  of  but  two  dairies  qualifies  bac- 
terially as  Grade  A  raw,  while  eight  could  qualify  for  the  production 
of  Grade  A  pasteurized.  In  Table  III,  however,  the  milk  from  ten 
farms  could  qualify  as  Grade  A  raw  and  seventeen  as  Grade  A 
pasteurized.  Among  these  seventeen,  it  will  be  noticed  from  Table 
I  that  there  are  several  which  had  high  bacteria  coimts  in  night 
milk.  For  instance  Farms  23,  24,  28  and  32  gave  bacterial  counts 
above  1,000,000  per  cubic  centimeter  in  night  milk.  When  this 
fact  is  considered  in  connection  with  the  three  series  of  counts  made 
on  Farm  30  (see  page  123)  it  is  clear  that  none  of  the  scores  keep  pace 
with  the  wide  fluctuations  in  bacteria  counts. 
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TaBLB  ni. —  A  COMPABIflON   BSTWIKN  THB   BACVKtOA.  GOUNT  Or  MOBNIHO   MiLK 

AND  THB   DaIBT  ScOBBS  OF  TWBNTT-THRBB   FaBMS. 


Faim 

Plate  count  per 
t.  e.  A.  M. 

milk. 

New  York  aty 
score. 

Cornell 
score. 

Total. 

Methods. 

Total. 

Methods. 

Total. 

1 

13,000 

13,000 

18,000 

21,000 

29,000 

34,000 

45,000 

52,000 

67,000 

58,000 

67,000 

88,000 

99,000 

103,000 

153,000 

163,000 

165,000 

320,000 

610,000 

907,000 

1,282,000 

1,284,000 

3,219,000 

34 
47 
28 
36 
45 
49 
39 
36 
43 
73 
53 
40 
35 
35 
40 
36 
35 
58 
45 
57 
40 
38 
38 

20 
29 
15 
22 
25 
26 
29 
21 
28 
41 
29 
27 
21 
23 
22 
22 
18 
29 
22 
30 
20 
25 
23 

66.90 
58.66 
51.35 
53.85 
56.60 
49.45 
54.95 
^.00 
53.65 
73.08 
57.35 
55  90 
56.30 
49.65 
50.05 
57.80 
50.10 
66.10 
48.70 
54.70 
55.40 
53.60 
49.85 

36.35 
34.10 
31.55 
33.85 
33.90 
29.15 
27.75 
28.45 
36.50 
38.63 
34.40 
31.15 
34.40 
32.15 
28.65 
39.00 
32.15 
37.20 
29.05 
31.90 
31.65 
29.80 
30.20 

430  M* 

19 

450G 

8 

430M 

6 

437  M 

4 

439M 

7 

433M 

23 

447  M 

5 

428M 

2 

446M 

16 

20 

4690 
442M 

28 

433M 

9 

433M 

24 

439M 

21 

429M 

32 

428M 

14 

422M 

18 

455G 

15 

435M 

13 

442M 

26 

430M 

34 

433M 

33 

436M 

^E^Excellent,  G  =  Good,  M==  Medium.    Seepage  135. 

The  lack  of  relationship  between  the  bacteria  counts  and  the 
scores  is  brought  out  more  clearly  in  Table  IV.  Here  the  scores 
on  each  card  are  arranged  separately  and  in  order,  beginning  with 
the  highest.  This  also  shows  how  the  three  score  cards  compare 
when  applied  to  the  same  dairies. 

Fnmi  this  table,  it  is  clearly  seen  that  it  is  impossible  to  tell  from 
which  bam  the  best  quality  of  milk  is  produced  by  means  of  any  of 
these  score  cards.  While  bacteria  counts  do  not  have  a  direct  re- 
lation to  the  presence  or  absence  of  disease  germs,  yet,  within  certain 
limits,  they  do  indicate  the  care  the  milk  has  received.  In  so  far 
as  care  tends  to  eliminate  the  dangers  from  communicable  diseases, 
it  cannot  be  justly  claimed  that  the  milk  from  the  high  scoring  bams 
is  safer  than  the  milk  from  such  bams  as  the  first  eight  in  Table  I. 
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A    COHFARATIVI]   BTUDT  OF  THB    BCOBBS    OBTAINED    BT    THE    THEBB 
CABDB. 

It  is  not  the  purpose  to  take  up  in  this  bulletin  a  detfiiled  con- 
sideration of  the  dairy  operations  or  conditions  specified  on  the  scene 
cards  and  compare  the  cards  in  this  way.  A  c(»npari80D  has  been 
made  mwely  between  the  final  scores  obtained. 

The  Official  card  and  the  New  York  City  card  are  very  ainuli&r 
in  their  general  plan.  In  fact,  each  card  scores  on  the  basis  of  100 
per  ct.,  and  in  this  respect  they  are  identical.  The  Cornell  card,  how- 
ever, is  drawn  up  on  an  entirely  different  plan  and,  in  order  to  com- 
pare, it  was  therefore  essential  to  reduce  the  rating  of  the  card  to 
a  percentage  basis. 
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When  this  is  done  it  will  be  seen  that  400,  which  is  the  dividing 
line  between  "Medium"  and  ''Poor"  dairies,  equals  80  per  ct.  In 
other  words  a  dairy  must  stand  at  least  80  per  ct.  to  pass,  while  40 
per  ct.  is  the  passing  mark  established  in  the  regulations  of  both 
the  New  York  State  Board  of  Health  and  the  New  York  City  Board 
of  Health.  Because  of  this  wide  difference  in  the  exclusion  points 
it  was  necessary  to  still  further  transform  each  Cornell  score  in 
order  to  make  the  basis  of  scoring  the  same  as  that  of  the  other 
two  cards.  In  Table  IV  each  Cornell  score  is  thus  transfonned 
(Column  9). 

The  actual  comparison  between  the  three  cards  is  shown  more 
clearly  in  Graph  1  (pages  128  and  129).  The  horizontal  lines 
in  this  graph  represent  the  minimum  scores  for  each  grade  of  milk 
established  by  the  regulations  of  both  the  New  York  State  Board 
of  Health  and  the  New  York  City  Board  of  Health.  The  spaces 
between  the  vertical  lines  represent  each  dairy  scored.  The  numbers 
of  the  dairies  as  given  in  Table  I  are  placed  at  the  top  of  the  graph. 
The  scores  are  shown  graphically  as  follows:  solid  black  dot  indicates 
score  on  Cornell  card,  hollow  square  the  score  on  Official  card  and 
the  cross  the  score  on  the  New  York  City  card.  The  scores  are 
arranged  with  reference  to  those  obtained  on  the  Official  card. 

It  is  evident  irom  this  graph  that  the  Cornell  card  is  the  most 
lenient.  This  is  shown  by  the  fact  that  of  the  34  dairies,  the  total 
scores  of  29  were  high  enough  to  entitle  them  to  produce  Grade  A 
or  B  milk,  while  according  to  the  scores  on  the  Official  card  only 
16  dairies  were  entitled  to  this  privil^e  and  only  5  according  to  the 
scores  on  the  New  York  City  card.  The  Cornell  card  rates  only 
5  dairies  as  Grade  C,  while  18  are  thus  rated  on  the  Official  card 
and  14  on  the  New  York  City  card.  None  of  the  dairies  scored 
below  the  exclusion  point  on  either  the  Cornell  or  the  Official  card, 
while  16  dairies  scored  below  this  point  on  the  New  York  City  card. 

It  is  further  evident  that  there  is  little  agreement  between  the 
scores  obtained  by  the  three  cards  when  applied  to  the  same  con- 
diticxis.  This,  of  course,  is  largely  affected  by  the  different  inter- 
pretations used.  In  this  investigation,  however,  there  was  an  agree- 
ment among  the  three  cards  as  to  the  three  dairies  which  would  be 
oonadared  the  best  from  the  standpoint  of  scores.  These  dairies 
also  occupied  the  same  relative  position  on  each  card.  Beyond  this 
there  were  instances  of  wide  variations.    The  scores  obtained  by 
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the  Official  card  and  the  Cornell  card  agreed  as  to  the  poorest 
scoring  dairy,  while  there  was  a  slight  variation  in  the  rating  of  this 
particular  dairy  on  the  New  York  City  card.  As  will  be  seen  tram 
the  graph,  however,  the  variations  between  the  scores  on  the  Official 
card  and  the  Cornell  card  are  not  so  great  as  between  the  New  York 
City  card  and  either  of  the  other  two.  The  greatest  variation  found 
is  in  the  case  of  Farm  27  which  scores  at  the  foot  of  the  list  on  the 
New  York  City  card  but  scores  32  points  higher  on  the  Official 
card,  rating  fifth  from  the  top,  while  the  score  on  the  Cornell  card 
is  5.4  points  higher  than  that  of  the  Official  card  and  is  37.4  points 
higher  than  the  New  York  City  card,  and  rates  thirteenth  from 
the  top. 

It  should  be  kept  in  mind  that  these  comparative  scores  are  dis- 
cussed in  this  paper  with  reference  to  the  interpretation  gained  by 
the  author  while  working  with  inspectors  trained  in  the  application 
of  the  respective  cards.  Since  different  interpretations  eidst,  it  is 
quite  probable  that  other  ^stems  of  cuts  than  those  used  would 
give  somewhat  different  results.  It  may  be  that  both  the  New  York 
City  and  Official  cards  could  be  so  interpreted  that  the  results 
secured  would  compare  closely.  This  tendency  to  vary  the  inter- 
pretations put  upon  the  cards  is  one  of  the  weaknesses  of  all  of  the 
present  score  cards  as  a  means  of  grading  milk,  which  has  been 
generally  recognized. 

CONCLUSIONS. 

The  originators  of  the  present  score  cards  evidently  had  two 
purposes  in  mind,  first  that  the  cards  should  act  as  guides  in  in- 
structing the  producers  in  the  importance  of  cleanliness  in  the 
handling  of  milk,  and  second  that  they  should  serve  as  records  of 
the  sanitary  conditioi^.  The  use  of  these  cards  has  caused  a  wide- 
Gfpread  belief  to  grow  up  that  there  is  a  correlation  between  the  actual 
quality  of  the  milk  and  the  score  of  the  bam  conditions.  This 
belief  is  undoubtedly  bec(»ning  more  firmly  fixed  in  the  mind  of  the 
general  public  and  will  undoubtedly  become  more  so  as  a  result  of 
the  rules  and  regulations  governing  the  grading  of  milk  and  cream 
in  this  State,  issued  by  the  Public  Health  Council.  According  to 
these  regulations  local  health  officials  are  allowed  a  choice ;  that  is, 
they  may  grade  milk  and  cream  by  means  of  bacteria  counts  and 
dairy  scores  combined,  or  they  may  do  the  grading  by  means  of 
the  dairy  scwes  alone.    The  second  choice,  under  which  no  Grade  A 
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milk  can  be  placed  on  the  market,  implies  a  relationship  between 
the  quality  of  the  milk  and  the  score  whidi  is  not  borne  out  by  the 
present  investigation. 

In  so  far  as  the  quality  of  milk  can  be  determined  by  present 
laboratory  methods,  there  exists  no  relationship  between  the  quality 
of  milk  and  the  dairy  score  on  the  score  cards  now  in  use.  Milk 
of  all  grades,  ranging  hosn  the  finest  quality  to  the  poorest,  is  pro- 
duced in  bams  which  would  be  excluded  on  account  of  low  scores. 
All  grades  of  milk  are  likewise  produced  in  the  high-scoring  bams. 

The  real  explanation  for  this  lack  of  relationship  between  the 
scores  and  the  bacteria  counts  cannot  be  given  as  yet  witii  absolute 
certainty.  The  most  apparent  reason,  as  shown  by  investigations 
made  at  this  Station,  is  that  a  large  number  of  the  items  included  on 
the  score  card  have  little  or  no  effect  upon  the  number  of  bacteria 
present  in  the  milk.  In  other  words,  too  great  emphasis  is  placed 
upon  tmessential  factors  in  all  of  the  score  cards  studied,  with  a 
consequ^it  lessened  emphasis  upon  the  factors  which  actually  do 
affect  the  milk. 

Some  may  contend  that  these  findings  encourage  the  production 
of  milk  under  filthy  conditions.  This  contention  will  be  raised  only 
by  those  who  hold  the  idea  that  low-scoring  dairies  are  necessarily 
unsanitary  and  filthy.  Such  conditions  have,  however,  not  been 
found  to  hold  true  in  the  region  studied  because  low-scoring  dairies 
were  found  which  vied  in  cleanliness  with  the  most  ideal  of  the 
high-scoring  dairies.  On  the  contrary,  however,  these  facts  give 
decided  encouragement  to  the  intelligent  dairyman  who  finds  that 
he  can  produce  high-grade  milk  by  the  simple  observation  of  the 
few  essential  factors  of  cleanliness  and  care.  This  places  him  in  a 
poation  to  secure  a  greater  profit  from  his  business  while  at  the  same 
time  he  has  the  moral  satisfaction  of  knowing  that  he  is  selling  a 
high-grade  article.  Where  the  present  score  cards  are  used,  all 
dairies,  in  order  to  get  credit  for  Grade  A  milk,  are  forced  to  an 
additional  expense  and  consequently  to  an  increased  cost  of  produc- 
tion. At  the  same  time  a  compliance  with  the  score-card  require- 
ments carries  with  it  no  guarantee  that  the  quality  of  milk  will  be 
improved  or  rendered  more  safe  from  the  standpoint  of  public 
health. 

The  fact  that  high-grade  milk  can  be  produced  with  simple  equip- 
ment, likewise  gives  encouragement  to  the  consumer  who  is  as  much 
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interested  in  keeping  down  the  cost  of  producing  high-grade  milk  as 
is  the  producer. 

None  of  the  results  secured  in  this  investigation  can  be  so  con- 
strued as  to  disprove  the  value  of  dairy  score  cards,  but  they  do 
show  that  present  score  cards  cannot  be  satisfactorily  used  as  a 
means  of  grading  milk  according  to  quality.  There  is  little  hope  of 
designing  a  score  card  which  will  accomplish  this  purpose  until  all  of 
the  factors  which  are  thought  to  affect  the  quality  of  milk  in  any 
way  have  been  carefully  studied;  and  the  influence  of  each  deter- 
mined and  accurately  measured.  In  this  way  the  really  importaot 
factors  can  be  singled  out  and  given  the  proper  values  on  the  score 
card. 
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GERM    CONTENT    OF    STABLE    AIR    AND    ITS 
EFFECT  UPON  THE  GERM  CONTENT 

OF  MILK.  • 

G.  L.  A.  RUEHLE  and  W.  L.  KULP. 

SUMMARY. 

PART  I. 

1.  Comparable  results  can  be  obtained  in  quantitative  bacterial 
air  analyses  by  the  use  of  aeroscopes  in  which  either  fine  sand  or 
liquid  filters  are  used  provided  they  are  handled  in  a  careful  manner. 
A  modified  form  of  the  Standard  aeroscope  (sand  filter)  has  been 
found  to  be  the  most  convenient  to  use  in  routine  work. 

2.  Very  irregular  percentages  were  secured  in  efficiency  tests 
when  the  Standard  aeroscopes  were  used  because  their  construc- 
tion necessitates  steam  sterilization.  Such  sterilization  causes  the 
sand  filter  to  cake,  leaving  lanes  or  pores  through  which  bacteria 
may  pass.  The  modified  form  of  aeroscope  which  has  been  devised 
is  so  constructed  as  to  permit  diy  sterilization.  Percentage  effici- 
ency tests  of  this  form  of  aeroscope  showed  that  the  ffiter  in  this 
aeroscope  probably  retains  all  of  the  bacteria. 

3.  Equally  good  percentage  efficiency  tests  were  obtained  with 
the  Rettger  aeroscope  (liquid  filter)  but  it  was  found  that  very 
careful  manipulation  was  necessary  to  secure  the  best  results  and 
that  this  instrument  was  not  as  usable  for  routine  work  as  was  the 
modified  form  of  the  Standard  aeroscope. 

4.  The  method  of  determining  the  amount  of  bacterial  precipi- 
tation from  the  air  by  means  of  exposed  petri  plates  has  been  found 
to  be  entirely  unreliable  as  a  means  of  measuring  the  number  of 
bacteria.  This  method  gives  the  number  of  bacteria-laden  dust 
particles  rather  than  the  number  of  bacteria  present.  The  number 
of  bacteria  precipitating  upon  a  given  area  has  been  determined 
in  this  investigation  by  analysing  measured  quantities  of  sterile 
water  which  had  been  exposed  to  the  air  for  a  known  length  of  time 
in  sterile  pails.  The  numbers  so  obtained  were  from  two  to  thirty- 
two  times  as  great  as  those  obtained  by  the  plate-exposure  method. 

*  A  reprint  of  BuUetm  No.  409,  August,  1915. 
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PART  n. 

5*  When  the  catUe  were  in  the  Station  stable,  the  genn  content 
of  the  air  in  the  stable  was  usually  between  50  and  100  per  liter. 
The  maximum  count  was  825  per  liter.  Sterile  water  "  milked  " 
from  a  specially  devised  apparatus  under  these  conditions  had  an 
average  germ  content  of  la  per  cubic  centimeter.  The  highest 
count  obtained  was  73  per  cubic  centimeter. 

6.  In  the  stable  loft,  when  a  heavy  dust  was  raised  by  sweeping 
tip  the  debris  on  the  floor  at  the  begmning  of  each  test,  the  germ 
content  of  the  air  was  usually  between  1,000  and  2,000  per  liter. 
In  the  same  way  when  the  dust  was  maintained  continuously 
throughout  each  test,  the  greater  number  of  the  results  were  be- 
tween 2,500  and  10,000  per  liter.  Sterile  water  '*  milked  "  under 
these  dusty  conditions  had  an  average  germ  content  of  47.6  per 
cubic  centimeter  when  the  dust  was  raised  but  once  for  each  test 
and  604  per  cubic  centimeter  when  the  dust  was  maintained 
continuously  during  each  test 

7.  Fifty-eight  analyses  of  tiie  air  in  three  commercial  dairies 
gave  numbers  similar  to  those  obtained  in  the  Station  stable  in  all 
but  four  analyses.  These  were  taken  under  dusty  conditions 
and  gave  results  similar  to  those  obtained  in  the  stable  loft 

8.  When  a  sterile  fluid  was  exposed  for  five  minutes  to  the  air 
of  the  Station  stable,  an  average  of  55  colonies  developed  for  each 
square  centimeter  of  surface  when  chopped  dry  hay  was  being 
fed,  71  when  dry  grain  was  fed  and  114  when  milking  was  in  progress. 
Under  tiie  same  conditions,  if  a  five-liter  (about  five  quarts)  pail  of 
milk  were  exposed  in  an  open  12-inch  pail  for  one  hour,  tiie  genn 
content  added  to  the  milk  would  have  been  99,  124  and  199  respec^ 
tively. 

9.  When  tiie  heavy  dust  was  raised  in  the  stable  loft,  the  average 
number  of  colonies  which  developed  per  square  centimeter  after 
a  five-minute  exposure  was  678  in  that  series  of  tests  where  the 
dust  was  raised  but  once  for  each  test  In  the  series  of  tests 
where  the  dust  was  stirred  up  continuously,  the  shnilar  number 
^'^^  28,377.  The  germ  content  of  a  pail  of  milk  exposed  to  such 
heavily  contaminated  air  would  be  increased  by  one  to  several 
thousand  bacteria  per  cubic  centimeter  in  a  few  minutes 
exposure. 
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GENERAL  INTRODUCTION. 

Modem  dairy  practice  is  subject  to  many  regulations  designed  to 
prevent  the  germs  in  the  stable  air  from  coming  into  contact  with 
the  milk.  This  is  the  direct  result  oi  early  ideas  concerning  the 
relation  oi  bacteria  to  the  dust  particles  in  the  air.  Since  it  is  evident, 
even  to  the  casual  observer,  that  relatively  large  amounts  of  dust 
aie  frequently  present  in  stable  air  at  milking  time,  it  is  easy  to 
understand  why  these  regulations  have  been  formulated.  No  one, 
however,  seems  to  have  succeeded  in  demonstrating  exactly  how 
many  bacteria  are  added  to  milk  from  the  dust  in  the  air.  The 
conclusions  that  have  thus  far  been  reached  have  usually  been  based 
on  data  gathered  indirectly  and  the  investigators  who  have  done  this 
work  have  been  almost  unanimously  of  the  opinion  that  the  stable 
air  is  a  significant  source  of  the  bacterial  contamination  of  the  milk. 

The  present  study  was  undertaken  in  order  to  obtain  more  direct 
data  upon  the  subject.  The  investigation  forms  part  of  a  larger 
probten  which  has  been  the  subject  of  investigation  at  the  Station 
for  a  number  of  years  and  which  is  now  being  completed  in  coopera- 
tion with  the  Illinois  Agricultural  Experiment  Station.  Briefly 
stated,  this  problem  is  a  study  of  the  relative  importance  of  various 
bam  operations  as  sources  of  contamination  in  the  production  of 
sanitary  milk.  The  work  already  reported  will  be  found  in 
Bulletins  Nos.  317,  326  and  365  and  in  Technical  Bulletin  No.  27.^ 
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of  Air,  appointed  by  the  American  Public  Health  Association,  has 
also  given  several  helpful  suggestions  during  the  course  of  the  work 
reported  in  Part  I.  Mr.  G.  A.  Smith  had  charge  of  the  dairy 
herd  and  bam  during  the  time  that  this  work  was  being  done  and  has 
contributed  materially  to  the  success  of  the  work.  Mr.  W.  D. 
Dotterrer  aided  in  taking  the  samples  recorded  in  Table  XII.  The 
authors  wish  to  express  their  gratitude  to  these  men  for  the  aid  thus 
given. 

The  data  recorded  in  the  Bulletin  were  gathered  by  a  division  of 
labor  between  the  authors.  Mr.  Kulp  did  the  analytical  work 
recorded  m  Tables  II,  VII,  VIII,  IX,  X,  XI,  and  part  of  that 
recorded  in  Table  XVII.  Mr.  Ruehle  made  the  remainder  of  the 
analyses  and  prepared  the  results  for  publication. 

PART  I.    METHODS  OF  BACTERIAL  ANALYSIS  OF  AIR. 

Before  the  main  problem  could  be  attacked,  it  was  necessary  to 
test  the  prevailing  methods  of  bacterial  air  analysis.  All  of  the 
methods  in  use  at  the  time  when  this  problem  was  undertaken 
(June,  1912)  seemed  open  to  criticism.  Two  methods  of  anal3r8is 
were  in  favor  at  that  time;  the  sand  filtration  method  modeled 
after  Petri*  and  the  bubbling  method  recommended  by  Rettger.* 
Comparative  tests  of  these  two  methods  are  described  in  Part  L 
During  the  course  of  the  work  a  modification  of  the  apparatus  used 
in  the  sand  filtration  method  was  devised  and  this  modification  was 
tested  in  comparison  with  the  two  methods  just  mentioned.  In 
addition  to  this  study  of  methods  of  determining  the  number  of 
bacteria  in  a  given  volume  of  air,  studies  were  also  made  of  the 
technique  which  has  been  used  for  determining  the  number  of  bacteria 
precipitating  upon  a  given  area  in  a  given  time. 

PREVIOUS  STUDIES. 

Only  a  very  brief  historical  review  of  the  literature  dealing  with 
the  technique  of  sampling  the  air  for  bacteria  will  be  given  here 
because  it  has  already  been  presented  more  fully  in  a  paper  in  the 
Journal  of  AgricuUured  Research}     As  is  well   known,   our  first 

'  Petri,  R.  J.,  Eine  neue  Methode  Bacterien  und  Pilisporen  ia  der  Luft  nadbsu- 
weisen  und  zu  zfihlen.    ZUchr.  Hyg.y  3:1-145,  1888. 

*  Rettger,  L.  F.  A  new  and  improved  method  of  enumerating  air  bacteria.  Jow. 
Med,  Research,  N.  S.  17:461-168,  1910. 

*  Ruehle,  G.  L.  A.  Methods  of  bacterial  analyses  of  air.  Jotir.  Agr,  ReMorchf 
4:34a-368.     1915. 
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methods  of  bacterial  analyses  of  air  were  devised  by  Pasteur  in 
connection  with  his  efforts  to  disprove  the  theoiy  of  spontaneous 
generation.  He  used  both  soluble  and  insoluble  granular  solids  as 
filtering  agents,  such  as  gimcotton  and  asbestos,  but  mostly  for 
qualitative  results.  In  his  later  work  he  used  the  vacuum  flask 
method  of  analysis  for  rough  quantitative  work.  This  method  was 
further  developed  by  Hansen.* 

Miquel '  also  used  several  methods  of  analysis  among  which  was 
the  method  of  bubbling  the  air  through  a  liquid  in  an  apparatus 
which  he  called  an  aeroscope. 

Petri  ^  fiirst  used  fine  sand  as  a  filtering  agent,  and  his  method 
of  analysis,  with  slight  modifications,  has  been  in  use  ever  since. 
In  his  method  the  sand  which  contains  the  ensnared  micro-organisms 
was  mixed  directly  with  the  nutrient  medium. 

Sopor  *  washed  the  sand  in  sterile  water  and  made  his  plates  from 
measured  portions  of  the  wash  water.  In  this  way  he  obtained 
more  transparent  plates  and  probably  a  more  thorough  admixture 
of  the  bacteria  and  the  medium  than  had  previous  investigators. 

Rettger^®  has  modified  Miquel's  aeroscope  by  drawing  the  air 
through  a  device  which  insures  better  contact  between  the  air  and 
the  filtering  liquid.  This  will  be  more  fully  described  later  in  con- 
nection with  the  present  studies. 

Weinzirl  and  Fos  "  were  among  the  first  investigators  to  use  a 
very  fine  sand  of  standard  size.  Their  work  forms  the  chief  basis 
for  the  reconunendation  of  the  sand  filtration  method  by  the  Com- 
mittee on  Standard  Methods  for  the  Examination  of  Air.^    In  1912 


'Hanaen,  E.  C.  Reeherches  but  lea  organismes  qui,  k  difFtontea  ^poquea  de 
VnoD^e,  ae  trouvent  dana  I'air,  k  Carlaberg  et  aux  alentoura,  et  qtu  peuvent  se  d^  velopper 
dana  le  modt  de  bi^.  Compt.  rend,  d,  travaux  du  Labor,  de  Carlaberg,  1 :  4^75,  1879, 
1 :  107-218,  1882.    (French  tnuoa.  from  orig.  Daniah.) 

^  Miquel,  P.  Lea  organiamea  vlvanta  de  ratmoeph^.    Paria,  1883. 

Idem.  De  ranalyse  microaoopique  de  Tair  au  moyen  de  filtrea  aolublea.  Ann. 
Mierog,  1 :  153-167,  1888-89. 

Idem.  Dixidme  mdmoire  aur  lea  pouaidrea  organiate  de  Tair  et  dea  eaux.  Ann. 
Obterv.  Munic.  ManUmaria  (Paria),  1888.  p.  413-600. 

■See  footnote  3. 

*  Sopor,  G.  A.  The  air  of  the  New  York  aubway  prior  to  1906.  Techn.  Quarterly, 
20:58-118, 1907. 

»  See  footnote  4. 

^Weiniirl,  J.,  and  Foe,  M.  V.  Bacteriological  methods  for  air  analyaia.  Amer, 
Jour.  Pub.  Hyg.,  20  (N.  S.  6) :  633-638,  1910. 

^  Committee  on  Standard  Methods  for  the  Examination  of  Air,  Report.  Amer. 
Jour.  Pub.  Hyg.,  20  (N.  S.  6):  346-360, 1910. 
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a  Bub-oommittee  ^  gave  a  report  of  progress  in  which  they  reoom* 
mended  certain  modifications  in  the  standard  method  giv^i  in  their 
earlier  report.  The  technique  recommended  in  this  later  report  was 
the  one  tested  in  the  present  work.  Weinzirl  and  Thomas  ^^  as 
members  of  this  sub-committee  made  a  series  of  comparative  tests 
using  both  the  new  standard  method  and  Rettger's  method,  securing 
results  slightly  favoring  the  standard  method. 

PRESENT  STUDIES  OF  METHODS. 
A.  TECHNIQUE. 

The  material  to  be  analyzed  was  plated  in  duplicate  —  or  in 
triplicate  in  some  cases  —  within  one  hour  after  sampling.  The 
medium  used  was  im  agar  made  acoordiiMS  to  tiie  formula  now  i«com. 
mended  by  the  Committee  on  Standard  Methods  for  Bacterial  Milk 
Analysis  ^^  except  that  the  acidity  was  usually  between  1.2  and  1.5 
per  ct.  normal  acid  to  phenolphthalein.  The  plates  were  incubated 
in  a  constant  temperature  incubator  for  five  days  at  18^  C.  (later 
21^  C.)  and  then  for  two  days  at  37^  C.  Except  in  a  few  instances, 
check  plates  were  made  which  were  designed  to  test  the  sterility 
of  the  filter  tubes,  water  blanks,  and  petri  plates.  In  the  few  cases 
where  the  check  plates  contained  more  than  the  occasional  colonies 
which  appear  as  a  result  of  accidental  contaminations,  the  entire 
results  of  the  tests  were  discarded. 

The  counting  of  the  colonies  on  the  plates  was  done  with  the  aid  of 
a  hand  lens.  The  term  '' bacteria"  used  throughout  this  paper 
includes  yeasts  and  actinomycetes,  since  no  attempt  was  made  to 
separate  these  from  the  bacteria  proper.  Mold  growths  were  noted 
and  recorded  separately,  but  are  not  giv^i  here.  In  general  they 
were  abundant  and  at  times  more  numerous  than  the  bacterial 
colonies. 

In  some  places,  for  convenience  of  expression,  the  terms  **  germ 
content "  and  "  number  of  bacteria  "  have  been  used  in'  this  paper  as 
though  they  referred  to  the  actual  number  of  individual  bacteria 

^  Committee  on  Standard  Methods  for  the  Examination  <rf  Air.  Progrem  Report. 
Amer.  Jour.  Pvb.  Health,  3:78-86, 1913. 

^*  Weinsirl,  J.,  and  Thomas,  J.  B.  A  comparison  between  the  sand  filtration  method 
and  the  bubbling  method  for  enmnerating  bacteria  in  air.  Amer,  Jour,  Pvb.  HmUkj 
3:171-174,  1913. 

^  Committee  on  Standard  Methods  for  Bacterial  Milk  Analyses,  Report.  Amer. 
Jottr.  Pvb.  HeaUh,  5:64, 1915. 
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present.  As  is  weD  known  the  plate  method  of  counting  bacteria 
does  not  give  the  number  of  individual  bacteria  but  rather  the 
number  of  colonies  which  develop  in  solid  nutrient  media  per  unit 
volume  or  area. 

DBBCBimOH  OF  ABBOSCOnW 

The  term  "  aeroscope/'  as  used  in  this  paper,  indicates  an  apparatus 
used  to  gather  bacteria  from  the  air.  It  does  not  include  the 
accessories,  such  as  the  aspirator  bottle  and  its  connections.  In  the 
past  there  has  been  some  variation  in  the  use  of  the  term  among 
different  writers.  Usually  where  the  principle  of  filtration  through 
sand  was  employed,  the  apparatus  has  not  been  called  an  "  aero- 
scope/'  while  the  term  is  almost  always  -applied  to  an  apparatus 
in  which  a  liquid  is  used  as  the  filtering  agent.  There  seems  no  good 
reason  for  this  distinction.  Likewise  there  seems  to  be  very  little 
justification  for  restricting  the  word  to  a  part  of  the  apparatus, 
as  is  done  by  some. 

The  aeroscope  referred  to  in  this  paper  (Fig.  1)  as  the  "  standard  " 
was  constructed  as  follows:  A  10-millimeter  layer  of  sand  which  has 
been  passed  through  a  100-mesh  sieve  and  has  been  retained  by  a 
16(>-mesh"  sieve  is  supported  within  a  cylindrical  glass  tube 
70  millimeters  in  length  and  15  millimeters  in  diameter 
upon  a  layer  of  bolting  cloth  folded  over  the  end  of  a  rubber 
stopper.  Through  a  perforation  in  the  stopper  there  passes 
a  tube  6  millimeters  in  diameter  and  40  miUuneters  in  length. 
This  tube  is  attached  to  the  aspirator  bottle.  The  upper  end 
of  the  cylindrical  tube  is  closed  by  a  perforated  rubber  stopper 
through  which  is  passed  a  glass  tube  40  millimeters  in  length 
and  6  millimeters  in  diameter  bent  at  an  angle  of  45^  in  order 
to  prevent  precipitation  of  bacteria  or  dust  particles  into  the 
aeroscope. 

In  using  this  aeroscope  a  measured  volume  of  air  is  filtered  through 
the  tube,  the  sand  shaken  out  into  10  cubic  centimeters  of  sterile 
water,  and  aliquot  portions  of  this  suspension  plated  on  nutrient 
agar. 

The  "  modified  ^'  form  (Fig.  2)  of  the  standard  aeroscope  (Fig.  1) 
differs  from  the  standard  in  that  the  lower  rubber-stopper  and  bolting- 
cloth  supports  are  eliminated  and  the  small  tube  is  fused  into  the 

**  The  qiedficatioiiB  in  tiw  stendard  method  eall  for  a  200-me8h  sieve. 
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larger  one.  The  layer  of  sand  is  supported  by  a  layer  of  cotton 
resting  on  the  shoulder  at  the  junction  of  the  large  and  amaU  tubes. 
The  upper  stopper  is  replaced  by  a  cork  stopper,  a  construction  that 
permits  the  aeroscope  to  be  sterilized  by  dry  heat  instead  of  by  steam. 
After  this  tube  wa^  devised  it  was  (hscovered  that  Eoning  "  had 
used  one  of  similar  construction,  although  he  used 
a  coarser  sand  in  the  filter. 

Rettger's  aeroscope  (Fig  3)  may  be  described 
in  his  own  words: '' 


■mall  perfoTstions,  which  serve  tbe  purpose  of  allowing  the  air  to  pus  thrmigti  at  & 
rapid  rate  and  yet  divide  the  gas  to  euoh  an  extent  that  every  particle  of  it  ia  brou^t 
into  close  contact  with  the  fiit«riDg  fluid.  This  glass  tube  or  aeroscope  is  fitted 
into  a  small,  thick-walled  test  tube  by  means  of  a  rubber  stopper,  which  also  bcttro, 

"  Koning,  C.  J.  Biologische  uad  biochemische  Studien  Qber  Milch.  IV.  Toil.  Die 
StaQ-Luft,  AfiWiio.  Zerm.,  2:241-283,  313-338,  1906.  Translated  by  }<Aa. 
Kaufmsnn  from  Pkann.  WeekU.,  1905.     (Orig.  not  seen.) 

"  Pages  4G2-463.    See  footnote  4. 
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beodes  the  aerosoope,  a  abort  glass  tube  bent  at  right  angles.  The  upper  end  of 
the  aeroscope  is  bent  at  an  an^  of  about  45°,  in  order  to  prevent  bacteria  and 
particles  of  dust  from  falling  into  the  open  end  of  the  tube,  and  still  permit  of  the 
tube  being  drawn  through  the  stopper  without  difficulty. 

Five  cubic  centimeters  of  physiological  salt  solution  are  used  as 
the  filtering  agent.  This  is  plated  in  aliquot  portions,  after  drawing 
a  measured  quantity  of  air  through  the  aeroscope. 

B.   EXPERIMENTAL  DATA. 
CoMPARiBON  or  Various  Ttpbs  or  Aeboscopbs 

The  problem  of  demonstrating  which  of  two  aeroscopes  is  the  more 
accurate  is  attended  with  certain  practical  difficulties.  It  is  not 
practicable  to  set  up  two  aeroscopes  side  by  side  and  determine  which 
is  the  more  reliable,  since  the  bacterial  quahty  of  the  air  is  not  uni- 
form enough  to  make  it  possible  to  secure  strictly  comparable  results. 
For  this  reason  some  authors  have  frankly  given  up  this  procedure 
and  have  resorted  to  determinations  of  the  filtering  efficiency  of 
each  filter  independently  of  the  other.  In  these  efficiency  tests  the 
aeroscopes  are  set  up  in  tandem  —  that  is,  end  to  end  —  so  that  the 
air  passes  through  one  filter  and  then  through  the  other.  The 
percentage  efficiency  of  the  aeroscope  is  determined  by  calculating 
what  percentage  of  the  total  number  of  bacteria  appear  in  the  first 
aeroscope.  Percentages  obtained  by  two  different  aeroscopes  in 
this  way  ought  not  to  be  compared  unless  they  have  been  calculated 
from  numbers  of  approximately  equal  size.  The  fairest  way  of 
making  these  comparisons  is  to  carry  on  the  two  kinds  of  tests 
simultaneously.  This  was  not  reaUzed  in  this  work  imtil  contra- 
dictory results  had  been  obtained  by  the  use  of  the  tests  separately. 

The  first  three  series  of  analyses  made  in  this  investigation  illustrate 
this  point.  These  will  only  be  given  in  summarized  form  as  the 
details  can  be  found  in  the  previous  publication  already  mentioned.^' 
In  the  first  series  in  which  the  standard  aeroscope  was  used  the 
averages  of  twenty-eight  percentage  efficiency  tests  resulted  in  59 
colonies  per  liter  of  air  in  the  first  aeroscope  (75.9  per  ct.)  and 
18.7  colonies  per  liter  of  air  in  the  second  aeroscope  (24.1  per  ct.). 
Disregarding  three  tests  where  leakage  about  the  connections  be- 
tween the  two  aeroscopes  evidently  occurred,  the  twenty-five  remain- 
ing tests  gave  averages  of  50  colonies  per  liter  of  air  for  the  first 

"  See  footnote  5. 
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aeroscope  (91.4  per  ct.)  and  4.9  colonies  per  liter  of  air  for  the 
second  aeroscope  (8.6  per  ct.).  A  similar  series  of  thirty-three 
tests  with  the  Rettger  aeroscope  resulted  in  an  aven^  plate  count 
of  18.8  for  the  first  aeroscope  and  2.6  for  the  second  (88  per  ct. 
efficiency).  Leaving  out  three  evident  cases  of  leakage,  the  average 
for  the  remaining  thirty  tests  were  19.8  colonies  per  plate  for  the 
first  aeroscope  and  1.5  colonies  per  plate  for  the  second  (93  per  ct. 
efficiency).  The  last  of  the  three  series  mentioned  above  consisted 
of  thirty  direct  comparisons  between  the  coimts  obtained  with 
both  types  of  aeroscope.  The  averages  were  21.5  colonies  per  liter 
for  the  Rettger  aeroscope  and  48.6  colonies  per  liter  for  the  sand 
aeroscope.  Thus  while  the  percentage  efficiency  tests  favored  the 
Rettger  aeroscope,  the  direct  comparisons  favored  the  sand  aero- 
scope. 

One  of  the  difficulties  constantly  encountered  in  air-filtration 
work  is  leakage.  When  this  takes  place  at  some  point  between  the 
filter  and  the  aspirator,  the  result  is  that  some  of  the  air  does  not  pass 
through  the  filter,  and  therefore  the  results  are  low.  When  the 
leakage  takes  place  between  the  two  aeroscopes  set  up  in  tandem, 
the  result  is  that  some  of  the  air  goes  through  the  second  filter  only, 
making  the  percentage  efficiency  of  the  filter  appear  lower  than  it 
really  is.  Neither  of  these  possibilities  was  fully  appreciated 
at  first  and  therefore  not  sufficiently  guarded  against.  . 

Another  possible  condition  may  have  had  a  marked  influence  on 
these  results.  At  times,  when  sand-filters  are  sterilized  in  the 
autoclave,  the  sand  sticks  together  to  such  an  extent  that  cracks 
appear  in  it.  Such  cracked  filters  are  obviously  not  capable  of  catch- 
ing all  of  the  bacteria  because  of  the  open  pores  or  lanes  through 
which  they  may  pass.  In  all  of  the  tests  given  in  this  bulletin,  such 
obviously  leaky  filters  were  never  used,  so  that  the  results  given  all 
favor  the  standard  areoscope  to  that  extent. 

To  overcome  the  effect  of  caking  by  the  sand  in  the  sand  aero- 
scope the  latter  was  modified  at  this  point  to  permit  of  dry  stailiza- 
tion.  A  cotton  layer  sufficiently  firm  to  support  the  column  of  sand 
was  inserted  just  above  the  lower  rubber  stopper.  This  stopper 
was  then  removed  until  the  aeroscope  proper  had  been  sterilized 
with  dry  heat.  After  sterilization  the  rubber  stopper  was  care- 
fully re-inserted.  This  modification  of  the  standard  aeroscope  was 
tested  and  two  series  of  43  and  38  trials  gave  contradictory  and 
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inoQiiclasive  results.  It  was  th^i  further  modified  so  as  to  eliminate 
the  rubber  stopper  altogether.  The  final  form  of  aeroscope  tested 
has  abeady  been  described  and  figured  on  pages  167  and  158. 

COMPABISON  OF  1HB  SVFICISNCT  OV  IHI  MODIFIXD  BTANDABD  AMD  THB  STANDIBD 

AXBOBOOPBS 

In  ocMnparing  the  efficiency  of  the  aerosc(^>es  of  the  standard  type 
with  those  of  the  modified  t3rpe,  the  aeroscopes  were  set  up  in  tandem 
and  the  tandem  couples  of  each  type  of  filter  were  used  for  duplicate 
analyses.  The  openings  of  the  aeroscopes  were  always  placed  side 
by  side,  and  similar  aspirators  were  used  so  that  the  rate  of  filtra- 
tion could  be  kept  the  same.  The  samples  of  air  were  all  taken  in 
the  stable  when  the  cows  were  in  their  stalls  and  during  such  opera- 
tions as  feeding  or  milking.  This  was  done  because  previous  experi- 
esace  had  shown  that  the  germ  content  of  the  air  of  the  stable  when 
it  was  empty  or  when  ever3rthing  was  quiet  was  so  low  that  very  few 
colonies  appeared  on  the  plates.  In  every  case  the  sand  was  shaken 
out  into  10  cubic  centimeters  of  sterile  physiological  salt  solution. 
One  cubic  centimeter  of  the  resulting  bacterial  suspension  was  added 
to  each  plate.  Plating  was  done  in  duplicate  in  the  first  series 
given  in  Table  I  and  in  triplicate  in  the  second  series. 

In  the  first  series  of  tests  rep>orted  in  Table  I  the  joints 
between  the  two  aeroscopes  were  not  sealed  to  prevent  leakage,  but 
were  carefully  examined  to  discover  possible  leakage.  As  the  results 
show  (see  tests  Nos.  2,  9,  and  10),  some  leakage  did  occur,  probably 
through  the  cork  stoppers  which  were  used  to  connect  the  tubes. 
For  this  reason,  in  the  second  series  of  tests  all  joints  which  could 
possibly  leak  were  sealed  with  paraffin  after  the  apparatus  had  been 
sterilised. 

The  first  series  of  tests  (Table  I)  gave  an  average  of  217  colonies 
per  plate  for  the  first  aeroscopes  of  the  tandem  pairs  in  the  modified 
form  of  aeroscope,  with  12  per  plate  (5.7  per  ct.)  for  the  second 
aeroscopes.  In  comparison  with  this,  the  first  tubes  of  the  selected 
(p.  160)  standard  aeroscopes  gave  an  average  of  175  colonies  per  plate, 
with  29  colonies  per  plate  (13.2  per  ct.)  for  the  second  aeroscopes 
of  the  tiandem  pairs. 

Twenty-five  comparative  tests  in  the  second  series  (Table  I) 
und^  the  rigid  ocmditicms  just  described  gave  an  average  of  400 
colonies  per  plate  for  the  first  aeroscope  of  the  modified  form  and  3 
6 
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Tabub  I. —  GoMPJkBATrvB    Counts   Obtainbd    with    MoDinu)    SrAiiikASD 

Standabd  Abboscopes  Set  Up  in  Tandbic 


AMD 


MoDinsD  Standard  Abroscope. 

Standabd  Abboboofb. 

Test  No. 

Plate  count: 

Count  per 
liter. 

Plate  count: 

Count  per 
liter. 

First 
tube. 

Second 
tube. 

First 
tube. 

Second 
tube. 

1 

536 

175 

234 

32 

54 

289 

165 

81 

258 

288 

174 

581 

443 

64 

51 

140 

1 
68 
0 
1 
0 
1 
4 
4 
42 
46 
4 
7 
5 
2 
7 
6 

335 

109 

146 

20 

34 

181 

103 

51 

161 

180 

109 

363 

277 

40 

32 

88 

isi 

10 

118 

249 

3 

26 
138 
277 
122 
506 
459 

53 
165 
191 

6 

31 

13 

0 

1 

4 

6 

7 

189 

33 

19 

12 

99 

12 

22 

15 

2 

3 

82 

4 

6 

5 

74 

6 

156 

7 

8 

2 
16 

9 

86 

10 

173 

11 

76 

12 

316 

13 

287 

14 

33 

15 

103 

16 

119 

Average. 

217 

12 

139 

175 

29 

109 

1 

2 

185 
511 
382 
500 
382 
128 
179 
185 
185 
391 
436 
364 
854 
813 
1,050 
1,281 
248 
225 
338 
273 
204 
136 
322 
224 
217 

0.5 
1.5 
11.0 
2.0 
0.5 
6.0 
6.5 
0.0 
2.0 
4.5 
3.0 
1.0 
4.7 
1.3 
9.0 
1.3 
1.0 
1.7 
4.3 
3.0 
1.7 
2.0 
3.0 
1.3 
1.0 

116 
319 
239 
313 
239 

80 
112 
116 
116 
244 
273 
228 
534 
506 
656 
801 
155 
141 
211 
171 
128 

85 
201 
140 
136 

116 
582 
378 
485 
394 
164 
137 
120 
222 
437 
328 
273 
1,031 
803 
943 
857 
237 
273 
359 
287 
248 
195 
391 
143 
218 

15 

17 

80 

18 

25 

22 

17 

12 

75 

24 

39 

32 

90 

77 

131 

152 

7 

7 

52 

139 

8 

7 

1 

9 

3 

73 

264 

3 

236 

4 

303 

5 

246 

6 

103 

7 

86 

8 

75 

9 

139 

10 

273 

11 

205 

12 

171 

13 

644 

14 

502 

16 

589 

16 

536 

17 

148 

18 

171 

19 

224 

20 

179 

21 

155 

22 

122 

23 

244 

24 

89 

25 

136 

Average. 

400 

3.0 

250 

384 

42 

237 
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per  plate  (0.75  per  ct.)  for  the  second.  The  selected  standard  aero- 
scopes  gave  an  average  of  384  colonies  per  plate  for  the  first  aero- 
scopes  imd  42  per  plate  (about  10  per  ct.)  for  the  second  ones.  Thus, 
while  the  standard  aeroscopes  allowed  an  appreciable  number  of 
bacteria  to  pass  through  into  the  second  tube,  the  modified  form 
probably  did  not  allow  any  bacteria  to  pass  through  into  the  second 
tube,  the  small  numbers  of  colonies  occurring  on  the  plates  being 
scarcely  more  than  the  niunbers  that  appeared  on  the  check  plates. 

The  second  series  (Table  I)  shows  conclusively  that  the  standard 
aeroscopes  allow  bacteria  to  pass  through  the  sand  layer,  since  all 
other  leakage  was  cut  off  by  the  paraffin  seal.  It  is  probable  that  a 
more  careful  selection  of  those  standard  aeroscopes  in  which  the 
layer  of  sand  was  least  affected  by  the  steam  sterilization  would  have 
resulted  in  a  higher  average  efficiency  than  was  found  in  these  tests. 
On  the  other  hand,  if  no  selection  had  been  made,  the  results  would 
undoubtedly  have  shown  a  much  lower  average  efficiency.  The  mere 
fact  that  such  a  selection  is  necessary  in  order  to  secure  reliable 
results  is  of  itself  a  serious  weakness  in  the  standard  procedure. 

The  idea  that  the  low  numbers  on  the  plates  of  the  second  aeroscope 
in  the  train  of  the  modified  standard  aeroscopes  really  represent  con- 
taminations is  further  supported  by  the  fact  that  an  examination  was 
made  of  the  cotton  plugs  used  to  support  the  sand  filter  in  the  modified 
aaroscope.  In  25  of  the  tests,  after  the  sand  in  the  first  tube  had 
been  poured  out,  the  upper  end  of  the  tube  that  had  been  in  contact 
with  this  sand  was  carefully  flamed  and  the  cotton  plug  blown  out 
into  a  test  tube  containing  10  cubic  centimeters  of  sterile  water.  After 
a  thorough  shaking,  this  bacterial  suspension  was  plated  in  duplicate 
in  1  cubic  centimeter  quantities.  In  the  entire  series  the  average 
number  of  colonies  that  developed  per  cotton  plug  was  only  50 
(5.0  colonies  per  plate),  the  highest  number  being  132  (13.2  colonies 
per  plate)  and  the  lowest  0.  Undoubtedly  a  large  part,  if  not  all, 
of  the  bacteria  present  were  really  in  the  sand  or  clinging  to  the  walls 
of  the  aeroscope  and  were  scraped  out  of  the  tube  with  the  cotton 
plug.  Even  if  they  were  all  present  in  the  cotton,  they  represent 
less  than  1  per  ct.  of  the  total  number  of  bacteria  caught. 

Since  it  was  desirable  to  know  whether  the  sand  filter  was  equally 
efficient  when  a  more  rapid  current  of  air  was  passed  through  it, 
a  new  series  of  anal3rBe8  was  undertaken.  In  this  series  of  22  tests, 
the  air  was  aspirated  at  the  rate  of  1  Uter  per  minute  or  even  faster 
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in  some  cases  (7  liters  in  five  minutes),  while  all  of  the  previous 
analyses  had  been  made  with  an  aspiration  rate  of  1  liter  in  two 
minutes.  Connections  were  sealed  with  paraffin,  as  before.  The 
material  was  plated  on  both  agar  and  lactose  agar,  but  only  the  results 
of  the  former  will  be  discussed  here.  The  samples  were  plated  in 
triplicate,  as  in  the  preceding  series.  The  results  of  this  series  of 
tests  are  given  in  Table  II. 

Table  II. —  Efrcibnct  Tests  of  the  MomnsD  Stamdabd  Aebosoofb. 

[Aerofloopes  set  up  in  tandem.    Aspiration  more  rapid  tlian  in  previouB  tests.] 


Test  No. 

i 

Plate  count: 

Ck>unt 
per  liter. 

Test  No. 

Plate  count: 

Count 

firat 
tube. 

second 
tube. 

first 
tube. 

second 
tube. 

per  liter. 

1 

58 

^ 

20 

45 

28 

138 

205 

282 

04 

74 

38 

66 

55 

6 
4 
1 

13 
3 
1 
2 
1 
1 
2 
2 
0 
0 

83 

60 

41 

64 

40 

107 

203 

^403 

134 

106 

54 

04 

70 

14 

56 
03 
75 
60 
43 
15 
66 
43 
30 
43 

7 
11 
7 
2 
2 
0 
0 
1 
1 
1 

80 

2 

15 

133 

3 

16 

lor 

4 

17 

86 

5 

18 

61 

6 

10 

21 

7 

20 

04 

8 

21 

61 

0 

22 

43 

10 

23 

61 

11 

Average. 

XX 

12 

76 

3 

105 

13 

From  this  table  it  will  be  seen  that  the  first  tube  of  the  modified 
form  of  aeroscope  gave  an  average  of  76  colonies  per  plate  (96.3 
per  ct.)y  while  the  second  tube  gave  3  colonies  per  plate  (3.7  per  ct.). 
The  cotton  plugs  were  plated  as  before,  resulting  in  the  develop- 
ment of  36  colonies  per  plug  (3.6  colonies  per  plate).  Since  the 
number  of  colonies  that  appeared  on  the  plates  made  from  the  second 
tube  was  the  same  as  in  the  previous  series  (Table  I,  second  series), 
it  was  felt  that  the  lower  percentage  of  efficiency  in  this  case  was 
largely  the  result  of  the  fact  that  fewer  bacteria  were  present  per 
liter  of  air. 


COIIPABIBON   OF  THB  EFFICIENCT  OF  THE  MODIFIBD  STAKDABD  AND 

THE  BBTTGEB  AEBOSCOPE8. 

Since  the  previous  work  with  the  Rettger  aeroscope  had  not  given 
conclusive  results,  another  series  of  tests  was  carried  out.    As 
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before,  two  large  aspirator  bottles  were  used  and  8  liters  of  air  were 
drawn  throu|^  each  filter  at  the  rate  of  §  liter  per  minute.  The 
aerosoopes  were  set  up  in  tandem  and  all  joints  carefully  sealed  with 
paraffin.  In  this  case  the  suspensions  were  plated  upon  two  different 
media,  but  <Mily  those  results  secured  by  the  use  of  plain  nutrient 
agar  will  be  discussed  at  this  place,  the  other  results  being  veierred 
to  later.  (See  p.  174.)  Since  the  results  given  as  plate  counts  from 
ibe  two  aerosoopes  are  not  comparable  because  the  Bettg^  suspen- 
skms  consisted  of  5  cubic  centimeters  and  the  sand  suspensions  of 
10  cubic  centimeters  of  physiological  salt  solution,  they  have  also 
been  computed  par  liter  of  air.  The  latter  figures  are  given  in  the 
fourth  and  seventh  columns  of  Table  III.  In  this  series  of  com- 
parisons the  Rettger  suspensions  were  plated  in  duplicate  and  the 
sand  suspensions  in  triplicate. 

A  break  has  been  made  in  Table  III  because  of  a  slight  change 
which  was  made  in  the  method  of  plating  the  bacterial  suspensions 
from  the  Rettger  tubes.  In  the  first  15  analyses  the  aeroseope  arm 
through  which  the  air  caiters  was  washed  out  once,  just  before  the 
bacterial  suspension  was  used  for  plating,  by  drawing  the  suspension 
up  into  this  aim  by  suction  and  then  releasing  it.  This  was  done 
because  it  was  realised  that  there  was  danger  that  some  bacteria 
would  be  lost  by  clinging  to  the  moist  inner  surface  of  this  tube. 
As  the  counts  were  made,  it  became  evident  that  the  number  of 
colonies  appearing  per  Uter  from  the  Rettger  aeroseope  was  less 
than  the  number  appearing  per  liter  from  the  modified  sand  aero- 
seope. For  this  reason,  beginning  with  test  No.  16  the  rinsing  of  the 
entrance  arm  to  the  Rettger  aeroseope  was  done  more  thoroughly 
(several  times).  By  this  means  the  number  of  colonies  appearing 
on  the  Rettger  plates  was  increased,  showing  that  the  surmised 
effect  of  this  moist  tube  was  probably  true.  This  effect  of  the 
long  entrance  tube  in  reducing  the  number  of  bacteria  in  the  water 
filler  is  also  realised  by  Rettger,  for  he  states  ^  that  one  may  expect 
as  hi^  as  a  15  per  ct.  error  in  this  way.  For  this  reason  he  reoom- 
toeads  drawing  the  tube  out  of  the  aeroseope  (after  the  steam 
sterilintion  and  before  use)  and  flaming  it  in  order  to  make  sure  that 
tile  tube  will  be  dry  when  used.  This  was  not  done  in  the  present 
series  of  tests,  because  it  was  felt  that  this  manipulation  after  sterilisa- 
tion  introduced  too  great  a  chance  of  accidental  ccmtaminations*    , 

*Pki0B4e7.    See f ootDote 4. 
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Table  III. —  Ck>iiPJkBATmB  Coumtb  Obtainbd  With  Modifibd  8taiii>abd  akd 

Rettgeb  Abbosoofbs. 


MoDiriED  Standabd 
Abbosoope. 

Rbttobb  Abbosoope. 

Test  No. 

Plate  count 

of  first 

tube. 

Plate  count 

of  second 

tube. 

Count  per 
liter. 

Plate  count 

of  first 

tube. 

Plate  count 

of  second 

tube. 

Count 
per  liter. 

1 

171 

88 

122 

125 

73 

117 

91 

73 

46 

48 

45 

79 

115 

132 

130 

9.3 
2.3 
4.0 
2.6 
1.3 
2.0 
0.0 
2.3 
1.6 
1.3 
1.0 
1.0 
1.6 
1.6 
2.6 

214 

110 

153 

156 

91 

146 

114 

91 

58 

60 

56 

99 

144 

165 

163 

35 
47 
61 
59 
69 
62 
27 
43 
32 
22 
10 
27 
27 
63 
15 

5.0 
1.5 
2.5 

10.5 
9.0 

19.0 

10.5 
1.0 
7.0 
0.0 
1.0 
3.0 
1.0 
1.5 

15.0 

22 

2 

29 

3 

38 

4 

37 

5 

43 

6 

39 

7 

17 

8 

27 

9 

20 

10 

14 

11 

6 

12 

17 

13 

17 

14 

39 

15 

9 

Average . . . 

97 

2.3 

121 

40 

5.8 

25 

16 

17 

51 

47 
73 
79 
68 
178 
81 
72 
47 

2.3 
0.6 
0.0 
1.0 
1.6 
2.3 
1.6 
0.6 
1.0 

64 
59 
91 
99 
85 
223 
101 
90 
50 

69 
131 

87 

74 
31 
44 
15 
13 

5.5 
•       0.5 

6!6 

2.0 
0.5 
0.5 
2.0 
3.0 

43 

82 

18 

19 

54 

20 

46 

21 

19 

22 

28 

23 

9 

24 

8 

Average . . . 

77 

1.0 

97 

58 

1.8 

36 

The  results  secured  before  and  after  the  change  of  procedure  noted 
were  as  follows:  When  the  entrance  tube  was  rinsed  but  once,  the 
Rettger  aeroscope  gave  an  average  of  25  and  the  modified  standard 
aeroscope  gave  121  colonies  per  liter.  After  the  rinsing  was  done 
more  thoroughly,  there  was  still  a  large  discrepancy  in  results,  the 
Rettger  filter  giving  an  average  of  36  and  the  modified  sand  filter  an 
average  of  97  per  liter. 
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In  the  first  15  tests  the  average  counts  obtained  from  the  second 
tube  of  each  tandem  pair  was  2.3  colonies  per  plate  for  the  modified 
standard  aeroscope  and  5.8  per  plate  in  the  case  of  the  Rettger 
aerosoope.  On  the  basis  of  these  numbers,  the  percentage  efficiencies 
calculated  for  the  two  aeroseopes  are  97.7  and  87.3,  respectively. 
The  low  percentage  efficiency  obtained  with  the  Rettger  aero- 
soope is  somewhat  misleading,  owing  to  the  fact  that  in  this  case 
^  total  numbers  obtained  by  both  aeroseopes  of  the  tandem  pair 
are  low.  In  the  last  nine  tests  the  percentage  efficiencies  were  98.8 
for  the  modified  standard  aeroscope  and  97.1  for  the  Rettger  aero- 
scope. 

(X)lfPABI80N    OF    RETTGER   AEROSCOPE    WITH    THREE    TYPES    OF   THE 

MODIFIED  STANDARD  AEROSCOPE. 

In  order  to  ascertain,  if  possible,  the  reason  why  the  Rettger  aero- 
seopes had  given  such  decidedly  lower  results  in  the  previous  series 
of  analyses  than  the  sand  filters,  another  series  of  analyses  was  made. 
From  the  data  already  secured  it  did  not  seem  probable  that  the 
lower  fiigures  could  be  explained  entirely  by  loss  due  to  the  clinging 
of  bacteria  to  the  entrance  tube.  For  that  reason  a  series  of  tests 
was  planned  in  order  to  discover  whether  the  difference  in  the  size 
of  the  entrance  tubes  had  any  effect  on  the  number  of  bacteria  caught 
in  the  filters.  Four  types  of  aeroseopes  were  used:  (1)  The  Rettger 
aeroscope;  (2)  the  modified  standard  aeroscope  used  in  the  preceding 
experiments;  (3)  an  aeroscope  of  the  same  type  as  No.  2  except  that 
the  entrance  tube  was  of  the  same  diameter  and  length  as  the  one 
used  in  the  Rettger  aeroscope;  and  (4)  qxl  aeroscope  of  the  same 
type  as  No.  2  except  that  the  top  was  left  wide  open  when  the 
air  was  being  drawn  through  it,  precipitation  of  bacteria  and  dust 
being  prevented  by  means  of  a  shield  placed  above  it. 

Ten  hters  of  air  were  drawn  through  each  aeroscope  at  the  rate  of 
\  liter  per  minute.  Five  cubic  centimeters  of  sterile  water  was  used 
m  the  Rettger  aeroscope  as  the  filtering  agent  and  the  same  quantity 
of  sterile  water  was  used  in  making  the  bacterial  suspensions  of  the 
sand  in  the  other  aeroseopes.  Plating  was  done  in  triphcate  in  the 
usual  manner,  the  entrance  tubes  to  the  Rettger  aeroseopes  being 
more  thoroughly  rinsed  (about  12  times)  than  had  previously  been 
done.  The  results  of  21  such  comparative  tests  computed  on  the 
basis  of  per  liter  counts  are  given  in  Table  IV.    The  averages  of  the 
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tests  showed  that  the  plates  made  from  the  Rettger  aaroscopes 
(column  1)  developed  90  colonies  per  liter,  those  from  the  modified 
standard  aeroscopes  (colunm  2)  developed  90  per  tit^,  those  from  the 
modified  aeroscopes  with  the  small  opening  (column  3)  developed  97, 
while  those  from  the  modified  aerosoope  protected  by  a  shield 
(column  4)  developed  80  per  liter.    Individual  results  varied  greatly, 


Tablb  IV. —  Ck>ifPAaAnTB  Coithtb  Obtainsd  With  Foub  DoviBniT 

AXBOSOOPBS. 


Ttpm  of 


[Allooimts 

given  per  liter  of  air.] 

Tkst  No. 

* 

Rettger 
aerosoope. 

Modified 

standaid 

aeroaoope. 

Modified 

Btandard 

aeroaoope.* 

Modified 

atandard 

aaN]Boope.t 

1 

23 
67 
26 
14 
14 
98 
73 
52 
38 
60 

171 
30 
39 
73 
27 

211 

116 
77 
80 

133 
31 
36 
65 
38 

156 
41 

343 

20 
34 
99 
40 
19 

265 
73 

248 
75 

120 

115 
31 
40 
58 

121 
95 
77 
79 

229 
44 
24 
28 
27 
14 

178 

123 
94 

19 
83 
23 
12 
11 

143 

305 
48 
83 

107 
39 
15 
91 

101 
81 

192 
83 
63 

291 

124 
24 
48 
42 
12 

188 
58 
57 

2 

3 

4 

5 

6 

7 

110 

8 

129 

9 

155 

10 

75 

11 

84 

12 

25 

13 

33 

14 

56 

15 

HI 

16 

94 

17 

87 

18 

72 

19 

189 

20 

126 

21 

26 

22 • 

46 

23 

32 

24 

33 

25 

95 

26 

50 

27 

98 

Average  for  21  testt 

90 

79 

90 

88 

85 

80 

Ayenge  for  27  teflts 

• 

*  The  ordinary  inlei  tube  of  tfaia  form  of  aeroaoope  (see  Fig.  2)  waa  raplaead  by  an 
inlet  tube  of  the  diameter  and  length  of  the  inlet  tube  of  the  Rettger  tuenaoope. 

t  No  ooric  or  inlet  tube  was  plaoed  in  the  upper  end  of  these  aeroeoopea.  Pl«eipi- 
tation  of  duat  waa  prerented  by  meana  of  a  alueld  plaoed  above  the  opening. 
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sometimeB  one  aeroBOope  and  sometimes  another  giving  the  highest; 
numbers.  From  tius  series  of  analyses  it  seems  evident  that  the 
siie  of  the  opening  has  little  influence  upon  the  number  of  bacteria 
caui^t  by  the  filters,  and  it  also  shows  that  under  some  conditions 
the  Rettger  aerosoope  may  catch  as  many  bacteria  as  the  sand  filters. 
Just  why  the  Bettger  aerosoope  should  have  proved  more  eflSdent 
in  the  series  of  tests  given  in  Table  IV  than  in  the  series  given  in 
Table  III  is  not  evidait  from  the  analyses  given,  unless  it  was  due 
to  the  more  thorou^  rinsing  of  the  inlet  tube. 

EFFECT  OF  USE  OF  LIQUID  FILTEB8  ON  COUNT. 

Since  one  of  the  chief  diffmences  between  the  Rettger  type  of 
aeroflcope  and  the  modified  standard  aerosoope  is  in  the  filter  and 
since  there  are  several  possible  ways  in  which  the  use  of  a  liquid 
filter  mi^t  tend  to  lower  the  count,  further  investigations  were  made. 
As  both  distiUed  water  and  physiological  salt  solution  had  been  used 
in  making  the  tests  with  the  Rettger  aerosoopes,  series  of  analyses 
were  made  with  both  of  these  in  which  the  bacterial  suspensions  were 
plated  at  once  and  again  three  hours  later.  The  actual  time  during 
which  these  substances  might  exert  a  ddeterious  influence  upon  the 
bacteria  was  about  thirty  minutes  longer  in  the  case  of  the  Rettger 
aerosoope  than  the  times  given,  as  it  was  impossible  to  make  the 
first  plating  untU  about  that  interval  of  time  had  elapsed  after  first 
starting  the  air  bubbling  through  the  liquid. 

While  these  tests  were  being  made  with  the  Rettger  aerosoope, 
duplicate  tests  were  run  with  the  modified  standard  aeroscopes. 
The  bacterial  suspensions  were  plated  in  this  case  immediately  aiter 
bring  made  and  again  after  an  interval  of  three  hours.  The  detailed 
results  will  not  be  given,  since  they  were  somewhat  contradictory 
and  bear  upon  another  line  of  investigation  now  in  progress.  In 
Bome  cases  there  was  a  great  reduction  in  numbers  of  colonies  appear- 
ing on  the  plates  after  the  bacterial  suspensions  had  stood  for  the 
three  hours,  in  others  little  or  no  reduction,  and  in  some  cases  even 
an  increase.  There  seemed  to  be  little  difference  between  the  action 
of  the  distilled  water  and  that  of  the  physiological  salt  solution. 

One  interesting  fact  that  appeared  as  the  result  of  these  com- 
parative tests  was  that  ihe  Rettger  filters  in  this  series  of  analyses 
caught  nearly  as  many  bacteria  as  the  sand  filters.  The  exact 
avenges  for  the  26  tests  were  142  colonies  per  liter  for  the  Rettger 
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aeroscope  as  compared  with  173  for  the  modified  standard  aeroscope* 
Of  all  analyses  given  in  this  paper,  82  give  a  direct  comparison  between 
the  Rettger  aeroscope  and  the  modified  standard  aeroscope.  Of  these 
82  comparisons;  49  show  larger  numbers  of  bacteria  caught  by  the 
sand  filters,  17  show  excesses  for  the  water  filter,  and  16  give  practi- 
cally the  same  figures  for  both.  However,  if  we  take  only  the  last 
54  of  these  analyses,  omitting  the  first  comparisons,  which  were  not 
properly  carried  out  in  all  their  details,  the  showing  is  more  favor- 
able for  the  Rettger  aeroscopes.  In  these  there  were  22  excesses  for 
the  sand  filter,  16  for  the  liquid  filter,  and  16  where  the  results  were 
practically  identical. 

From  these  analyses  it  must  be  concluded  that  the  Rettg^  aero- 
scope is  probably  very  nearly  as  efficient  as  the  modified  standard 
aeroscope  in  the  hands  of  an  experienced  man.  There  are  several 
things  about  it,  however,  that  are  Uable  to  cause  trouble  and  others 
that  make  it  less  convenient  to  use.  One  already  mentioned  is  the 
possible  injurious  effect  of  the  liquid  used  as  a  filter  upon  the  bacteria 
before  the  material  can  be  plated,  owing  to  absorbed  gases,  unfavor- 
able osmotic  action,  or  other  causes  making  it  necessary  to  complete 
the  plating  as  quickly  as  possible  after  starting  the  analysis.  This 
one  objection  makes  it  inadvisable  to  use  this  type  of  aeroscope 
for  analyses  made  at  a  distance  from  the  laboratory.  A  second 
difficulty  is  the  need  of  great  care  to  prevent  bacteria  from  being 
held  on  the  moist  inner  surface  of  the  inlet  tube.  A  third  is  the 
necessity  of  steam  sterilization,  which  occasionally  loosens  the 
joints  about  the  cork,  causing  inaccuracies.  Since  the  modified 
form  of  aeroscope  met  all  of  these  difficulties  and  was  cheaper, 
easier  to  operate,  less  likely  to  break,  and  more  adaptable  to  field 
work,  it  was  decided  to  use  this  in  the  investigation  to  which  the  work 
recorded  in  this  paper  was  preliminary. 

COMPARISON   OF  RESULTS  OBTAINED  BY  DUPLICATE  ANALYSES  MADE 

WITH  THE  SAME  TYPE  OF  FILTER. 

Inasmuch  as  the  conclusions  drawn  from  data  already  reported 
are  mainly  based  upon  the  averages  of  from  25  to  30  comparisons, 
it  may  be  instructive  to  find  out  whether  such  conclusions  are 
justified  or  whether  they  are  due  to  incidental  differences  in  the 
bacterial  quality  of  the  air.  Accordingly  three  series  of  comparative 
tests  were  made,  using  the  same  type  of  filter  on  each  side  of  the  com- 
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parison.  The  jSist  series  of  32  such  oomparisoDs  is  recorded  in  Table 
V.  In  this  case  two  sand  filters  of  the  type  described  on  page  160  were 
used.  Six  liters  of  air  artificially  enriched  with  dust  were  drawn 
through  each  filter  at  the  same  rate.  The  sand  was  washed  in  5 
cubic  centimeters  of  sterile  water,  and  1  cubic  centimeter  of  the  sus- 
pension was  addeii  to  each  plate. 

Table  V. —  Ck>ifPABATiys  Ck>imTB  Obtainsd  With  Two  Standabd  Axbobcopbs 

MoDinsD  TO  Allow  Dbt  Sterilization. 


Test  No. 

Plate  Count. 

Count  Pes  Liteb 

OF  AlB. 

Sample. 

Duplicate. 

Sample. 

• 

Duplicate. 

1 

109 

358 

126 

508 

323 

140 

222 

194 

65 

90 

126 

210 

178 

318 

132 

96 

710 

685 

600 

862 

504 

222 

384 

730 

487 

370 

154 

148 

20 

59 

23 

93 

132 

314 

357 

268 

243 

89 

352 

161 

73 

88 

81 

186 

167 

184 

157 

57 

933 

602 

721 

786 

212 

401 

381 

886 

405 

430 

194 

213 

45 

25 

23 

137 

91 

298 

105 

423 

269 

117 

185 

162 

54 

75 

105 

175 

148 

265 

110 

80 

592 

529 

500 

718 

420 

185 

320 

608 

406 

308 

128 

123 

17 

41 

19 

78 

110 

2 

262 

3 

298 

4 

223 

5 

203 

6 

74 

7 

293 

8 

134 

9 

61 

10 

73 

11 

68 

12 

155 

13 

139 

14 

153 

15 

131 

16 

48 

17 

778 

18 

502 

19 

601 

20 

655 

21 

177 

22 

334 

23 

318 

24 

738 

25 

338 

26 

368 

27 

162 

28 .♦ 

178 

29 

38 

30 

21 

31 

19 

32 

114 

A  wage 

287 

290 

239 

242 
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As  will  be  seen  from  Table  V,  32  tests  gave  an  average  of  287 
colonies  per  plate  in  one  sample  of  air  and  290  in  the  duplicate,  or 
239  colonies  per  liter  in  one  sample  and  242  in  the  duplicate.  Such 
close  agre^nent  of  results,  even  in  series  as  long  as  this,  are  rarely 
obtained  with  the  technique  used.  Mariced  variations  occurred  in 
individual  cases,  however,  showing  the  need  of  a  long  series  of  tests 
from  which  to  draw  conclusions. 

duplicatb  sampling  with  a  bbvbbsible  abpibatob. 

These  tests  differed  from  those  just  given  in  that  the  ordinary 
aspirator  bottles  were  replaced  by  a  reversible  aspirator.  A  Y  con- 
nection was  placed  in  the  system  so  that  the  current  of  air  could  be 
drawn  first  through  one  aeroscope  and  then  through  the  other.  Two 
liters  of  air  were  usually  drawn  through  each  aeroscope  before  diverting 
the  current.  In  this  way  either  18,  24,  or  30  liters  of  stable  air  were 
drawn  through  each  aeroscope,  the  larger  volume  being  used  at  the 
b^inning  of  the  series  of  anal3rses  and  the  smaller  toward  the  end, 
when  it  was  discovered  that  the  plates  were  overcrowded  with  colonies. 
The  average  numbers  of  colonies  per  plate  for  the  two  series  of  30 
tests^  were  673  and  643.  In  this  comparison  the  individual  results 
agree  a  little  better  than  in  the  previous  series,  but  this  is  probably 
partly  due  to  accident  and  partly  to  the  influence  of  overcrowded 
plates.  If  nine  of  the  comparisons  with  the  most  overcrowded  plates 
are  left  out  of  the  calculation,  the  averages  bec(»ne  276  for  the  one 
set  of  analyses  and  226  for  the  other.  Some  individual  analyses 
present  wide  variations,  but  the  averages  show  that  fairly  compara- 
ble duplicate  results  can  be  secured  with  this  type  of  aeroscope  when 
used  in  a  series  of  analyses. 

nUPUGATE  SAMPIiINQ  WITH  RETTGEB  AEROSCOPBS  SET  T7P  IN  TANDEM. 

A  series  of  20  duplicate  anal3rses  were  made  with  Hettger  aeroscopes, 
using  18-liter  bottles  as  aspirators  and  filtering  15  liters  of  stable  air 
through  each  aeroscope.  Five  cubic  centimet^ns  of  sterile  water 
(used  instead  of  ph3rsiological  salt  solution  in  order  to  avoid  foaming) 
was  used  as  the  filtering  agent  and  1  cubic  centimeter  of  the  suspen- 
sion was  added  to  each  petri  plate.  The  aeroscopes  were  also  set 
up  in  tandem  connected  by  a  continuous  g^ass  tube.  Table  VI  gjives 
the  results  of  these  analyses  in  detail. 

^  See  p.  361  in  reference  given  in  footnote  5  for  detailed  record  of  theio  aiialjMt. 
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Tamem  yi. —  DvpucAn  Gomm  Mabs  Wivh  BairosB  Axboboofkb  in 

GOXTPLBB. 

Tandem 

Sauplb. 

DUPUGATB. 

Tan  No. 

Plate 

count 

of  fint 

tube. 

Plate 

count 

of  Boeond 

tube. 

Count 
per  liter. 

Plate 

count 

of  fint 

tube. 

Plate 

count 

of  eeoond 

tube. 

Count 
per  liter. 

1 

10 

0 

5 

15 

31 

5 

3 

12 

29 

8 

12 

71 

41 

171 

35 

52 

166 

51 

132 

108 

0.6 
0.3 

11.0 
0.6 
0.0 
0.6 
0.6 
0.6 
9.6 
3.6 
0.6 
3.0 
3.3 

52.5 
8.6 
9.3 
3.0 
6.0 
5.0 
2.6 

3 

0 

2 

5 

10 

2 

1 

4 

10 

3 

4 

24 

14 

57 

12 

17 

55 

17 

44 

36 

24 

1 

6 

12 

42 

3 

4 

5 

17 

8 

5 

47 

20 

67 

13 

116 

52 

50 

124 

129 

0.3 
0.6 
6.0 
0.3 
0.3 
0.3 
0.3 
0.0 
1.3 
2.3 
1.0 
3.0 
1.0 
23.6 
3.6 
3.0 
3.0 
1.0 
3.3 
2.3 

8 

2 

0 

3 

2 

4 

4 

5 

14 

6 

1 

7 

1 

8 

2 

9 

6 

10 

3 

11 

2 

12 

16 

13 

7 

14 

19 

15 

4 

16 

39 

17 

17 

18 

17 

19 

41 

20 

43 

Avenge 

48 

6.0 

16 

39 

2.8 

12 

Many  of  the  results  show  very  few  colonies  per  plate,  especially 
where  the  analyses  were  made  when  the  cows  were  out  of  the  stable 
and  everything  was  quiet.  In  this  respect  these  figures  are  unsatis- 
factory, since  low  figures  greatly  magnify  contamination  errors. 
The  averages  of  20  tests  gave  48  colonies  per  plate  for  the  first 
sample  and  39  for  the  duplicates.  The  second  tubes  of  each  tandem 
eouple  gave' average  counts  of  6  (88.8  per  ct.  efficiency)  and  2.8 
(93.3  per  ct.  efficiency)  colonies  per  plate,  respectively. 

Tbeae  three  ames  of  comparative  tests  show  clearly  that  caution 
must  be  exercised  in  accepting  the  figures  of  any  single  comparison 
as  oonrect.  On  the  other  hand,  the  average  of  a  series  of  comparative 
analyBes  appar^itly  gives  reliable  results. 
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comparison  of  various  media  for  bacterial  analysis  of  air. 

In  the  course  of  this  work  several  comparative  series  of  tests  were 
loade  to  determine  whether  or  not  a  more  suitable  medium  than 
ordinary  agar  might  be  found.  The  media  so  compared  with  nutrient 
agar  were  as  follows:  (1)  Nutrient  gelatin,  containing  the  same 
ingredients  as  the  agar  except  for  the  substitution  of  10  per  ct.  of 
gelatin  for  1.5  per  ct.  of  agar;  (2)  a  gelatin  medium  with  20  per  ct. 
of  gelatin;  (3)  a  gelatin  medium  made  with  soil  extract;^  (4)  lactose 
agar,  containing  1  per  ct.  of  lactose  in  addition  to  the  usual  ingre- 
dients; and  (5)  asparaginate  agar,''  an  agar  to  which  only  compounds 
of  known  chemical  composition  have  been  added. 

The  problem  was  not  studied  exhaustively  enough  to  prove  that 
the  agar  medium  used  in  this  work  was  the  best  possible  medium  for 
air  work,  but  the  data  gathered  did  warrant  the  conclusion  that  it 
was  better  than  any  medium  compared  with  it.  The  last  two  media 
mentioned  above  gave  only  slightly  lower  results  than  the  ordinary 
agar,  but  the  three  gelatin  media  gave  decidely  lower  results,  probably 
due  in  part  to  the  lower  incubation  temperature  necessary  when 
using  them  and  in  part  to  hquefaction.  The  20  per  ct.  gelatin  gave 
the  highest  results  of  the  gelatin  media,  owing  to  diminished  lique- 
faction of  the  medium. 

COMPARISON    BETWEEN    TWO    METHODS    OF    MEASURING    BACTERIAL 

PRECIPITATION. 

In  the  study  of  the  main  problem  already  mentioned,  to  which  this 
study  of  technique  was  preliminary,  it  was  necessary  to  determine 
the  number  of  bacteria  precipitated  upon  a  given  area  in  a  given 
time.  No  standard  procedure  is  given  for  this  by  the  Committee 
on  Standard  Methods  for  the  Examination  of  Air,  although  it  seems 
evident  that  there  should  be  such  a  recognized  procedure.  This 
determination  is  usually  made  by  exposing  a  petri  plate  containing 
solidified  agar  or  gelatin  for  a  given  period  of  time  and  counting  the 
colonies  that  developed  on  the  plates  after  incubation. 

It  was  felt,  however,  that  this  method  was  entirely  inadequate, 
as  it  does  not  give  a  true  measure  of  the  number  of  bacteria  falling 
on  the  plate.     This  comes  about  because  of  the  possibhty  that  a 

^  Conn,  H.  Joel.   Culture  media  for  use  in  the  plate  method  of  counting  soil  bacteria. 
N.  Y.  Agr.  Exp.  SU.,  Tech.  Bui.  38,  1914. 
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dust  particle  may  cany  more  than  one  bacterium.  Ordinarily,  but 
(Hie  colony  develops  from  a  dust  particle,  so  that  the  number  of 
colonies  measures  the  number  of  bacteria-laden  dust  particles  falling 
on  the  plate  rather  than  the  number  of  bacteria  falling  on  the  plate. 

The  method  for  determining  this  bacterial  precipitation  which  was 
tried  was  to  place  500  cubic  centimeters  of  sterile  water  in  a  sterilised 
pail  covered  with  a  metal  lid.  Check  samples  were  taken  and 
the  lid  removed  for  a  given  length  of  time.  Samples  of  the  water 
were  then  taken  after  thorough  agitation  and  plated  as  soon  as  pos- 
sible. Later  it  was  discovered  that  Koning"  had  used  milk  as  the 
medium  for  catching  the  precipitated  bacteria.  Other  liquids  might 
be  used  in  the  same  way. 

The  satisfactory  nature  of  this  technique  was  demonstrated  by  the 
results  secured  in  34  comparative  tests  between  this  technique  and 
the  plate-exposure  technique.  The  results  are  given  in  detail  in 
Table  VII. 

In  tests  1-12  and  23-34  the  petri  plates  were  exposed  for  five  min- 
utes but  this  length  of  time  was  abandoned  because  of  the  overcrowd- 
ing of  the  plates.  In  the  other  cases,  the  numbers  given  were  secured 
by  adding  the  results  secured  by  exposing  four  different  plates  con- 
secutively for  one  and  one-fourth  minutes  each.  In  this  way  the 
same  time  of  exposure  was  secured  without  overcrowding  of  plates. 

The  average  result  secured  in  these  tests  was  8  colonies  per  square 
centimeter,  secured  from  a  5-minute  exposure  where  this  was  de- 
termined by  exposed  petri  plates.  Where  the  pail  method  of  expo- 
sure was  used,  the  similar  figures  were  78  colonies  per  square  centi- 
meter. In  the  most  favorable  cases  the  plate-exposure  method  gave 
only  one-half  of  the  numbers  secured  in  the  other  way,  while  in  the 
least  favorable  cases  the  plate-exposure  method  gave  only  1  colony 
to  32  colonies  which  appeared  on  the  plates  made  from  the  pails. 
Frequently,  the  colonies  that  appeared  on  the  plates  which  had  been 
exposed  showed  by  their  very  nature  that  they  were  of  composite 
origin. 

It  seems  strange  that  this  fundamental  weakness  of  the  plate- 
exposure  method  has  not  been  properly  appreciated  by  investiga- 
tors, for  it  was  recognized  by  Hueppe'^  as  long  ago  as  1891. 

"  Page  251  et  seq.    See  footnote  17. 

''Page  480.  Hueppe,  Ferdinand.  Die  Methoden  der  Bakterien-Fonchung. 
Sth  Edit.  Wiesbaden,  1S91. 
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TaBUB  VII.  —  CoXPABraON  BBTWBBN  TRK  EZFOBBD-PLAXB  AND  THB  EXFOBBD-PAIIi 

MbTHOM  of  MbABUBINO  BaCTBBIAL  PBBGinTATIOM. 


Pbbcipitation  on  1 

Pbbgipitation  on  1 

8q.  Cm.  in  5  Min. 

8q.  Cue.  IN  5  Min. 

Test 

Ratio. 

Test 

Ratio. 

No. 

Exposed- 

Exposed- 

No. 

Exposed- 

EsqKMsd- 

plate 

pail 

plate 

pafl 

method. 

method. 

method. 

method. 

1 

6.0 

56 

1:9 

23 

15.7 

216 

1:13 

2 

6.4 

58 

9 

24 

5.9 

81 

:13 

3 

7.8 

261 

32 

25 

4.9 

36 

:7 

4 

6.1 

51 

9 

26 

7.4 

17 

2 

5 

3.2 

28 

9 

27 

4.3 

13 

:3 

6 

6.0 

34 

:6 

28 

3.4 

23 

:7 

♦7 

8.7 

124 

14 

29 

11.1 

100 

:9 

*S 

7.8 

105 

;13 

♦30 

13.1 

216 

:16 

9 

8.4 

63 

:8 

31 

13.2 

30 

:2 

10 

7.2 

45 

6 

32 

5.5 

32 

:6 

11 

5.4 

62 

:11 

33 

7.1 

28 

;4 

12 

11.6 

109 

:9 

34 

5.9 

53 

:9 

13 

19.9 

250 

:12 

35 

9.2 

53 

:6 

14 

9.3 

36 

:4 

36 

11.0 

68 

:6 

15 

7.0 

75 

:11 

37 

7.7 

96 

13 

16 

7.7 

49 

:7 

38 

8.3 

58 

7 

17 

6.3 

81 

:13 

♦39 

11.1 

120 

10 

18 
19 

5.5 
11.0 

81 
94 

:15 
9 

♦40 

11.6 

118 

10 

20 

9.4 

184 

:20 

1    Aver- 

21 

10.4 

149 

:14 

age. 

8.1 

78.5 

1:10 

♦22 

9.2 

199 

:21 

♦Excluded  from  averages  because  of  contaminated  plates. 

This  work  shows  that  the  figures  obtamed  m  all  of  the  ab  inves- 
tigations where  conclusions  are  based  upon  results  obtained  by  the 
plate-exposure  method  are  not  nearly  so  large  as  they  should  have 
been.  The  same  criticism  applies  to  some  of  the  methods  that  have 
been  suggested  as  a  means  of  counting  bacteria  in  air.  One  of  the 
first  to  use  this  faulty  principle  of  regarding  bacteriarlad^i  dust 
particles  as  equivalent  to  individual  bacteria  was  Hesse.*  He 
counted  the  colonies  developing  on  gelatin  after  a  measured  volume, 
of  air  had  been  drawn  over  it  in  such  a  way  as  to  catch  the  dust 
particles  on  the  gelatin.  The  idea  that  the  number  of  colonies  devel- 
oping on  the  surface  of  a  solid  medium  after  exposure  to  the  air 
really  represents  the  number  of  single  bacteria  deposited  seems  also 

*  Hesse,  W.  ITeber  quantitative  Bestimmung  der  in  der  Loft  enthalteDen  Idlkro- 
oiganismen.    MiU.  K.  GsndOUsanU.,  2: 181-207, 1884. 
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to  have  been  held  by  some  of  the  later  investigatorB,  among  them 
being  Harrison,"  RuBflell,"  and  Winslow* 

CONCLUSIONS. 

It  seems  reasonable  to  conclude  that  the  nature  of  the  filters  tested 
had  little  influence  on  the  results  secured  in  duplicate  analyses — that 
is,  those  obtained  where  a  aand  and  a  liquid  filter  were  used  side  by 
mde  agreed  just  as  well  as  those  where  either  two  sand  filters  or  two 
liquid  filters  were  used  side  by  side. 

It  was  found  that  the  particular  form  of  sand-filter  aerosoope 
recommended  by  the  Committee  on  Standard  Methods  for  tixe 
Examination  of  Air  varied  in  its  filtering  efficiency  from  50  to  100 
per  ct.y  with  the  average  efficiency  for  two  series  of  tests  of  90 
and  91.6  per  ct.  The  chief  cause  of  error  with  this  form  of 
aeroscope  arises  from  the  fact  that  it  is  so  constructed  that  it  must 
be  sterilized  with  steam.  This  causes  caking  of  the  layer  of  sand 
which  acts  as  a  filter. 

A  description  is  given  of  a  modification  of  this  form  of  aercNscope, 
so  constructed  that  it  may  be  sterilized  with  dry  heat.  The  modified 
standard  aeroscope  was  found  to  retain  nearly  100  per  ct.  of  the  bac- 
teria, with  little  chance  of  error.  It  was  also  found  to  be  cheaper,  less 
breakable,  easier  to  operate,  and  more  adaptable  to  field  work  than 
either  the  standard  sand  aeroscope  or  the  aeroscope  recommended 
by  Rettger. 

The  latter  can  be  made  to  yield  excellent  results,  provided  sufficient 
care  is  exercised  in  handling  it.  Its  use,  however,  is  attended  with 
a  number  of  difficulties,  among  which  may  be  mentioned  its  tendency 
to  leakage  about  the  rubber  stoppers  after  being  sterilized,  the  foam- 
ing of  the  liquid  during  operation,  and  the  tenacity  with  which 
the  bacteria  cling  to  the  inner  surface  of  the  moist  inlet 
tube. 

The  method  of  determining  bacterial  precipitation  from  air  by 
means  of  exposed  petri  plates  has  been  found  to  be  entirely  unreliable, 
as  it  gives  a  measiu^  of  the  number  of  bacteriarladen  dust  particles 


"  Harriflon,  F.  C.  Bqxirt  of  the  Bfteteriologtet.  22iid  Ann.  Report  Oniario  Agr. 
Con.  and  Exp.  Fann  (1896).    p.  10&-116, 1897. 

^  RiukD,  H.  L.  Tainted  or  defeetive  milks:  their  causes  and  methods  of  preven- 
tion.   Wis.  Acr.  Exp.  Sta.,  Bui.  62,  1897. 

^Winslow,  C.-E.  A.  A  new  method  of  enumerating  bacteria  in  air.  Science, 
N.8.38:28-dl,1906. 
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and  not  a  measure  of  the  number  of  bacteria  present.  The  number 
of  bacteria  precipitating  upon  a  given  area  has  been  determined  by 
analyzing  measured  quantities  of  sterile  water  which  had  been  ex- 
posed to  the  air  for  a  given  length  of  time  in  sterile  pails.  The  num- 
bers obtained  in  this  way  were  from  2  to  32  times  as  high  as  those 
obtained  with  the  plate-exposure  method. 

PART  II.    STABLE  AIR  AS  A  SOURCE  OF  BACTERIA  IN 

MILK. 

INTRODUCTION. 

With  the  technique  devised  and  tested  as  already  reported  the 
investigation  was  continued  in  order  to  determine  the  importance 
of  the  stable  air  as  a  source  of  bacteria  in  milk. 

To  avoid  misunderstanding  it  should  be  repeated  that  the  present 
investigation  has  been  made  purely  from  the  quantitative  standpoint. 
Moreover,  attention  has  been  limited  to  a  study  of  the  contamination 
due  to  the  general  condition  of  the  stable  air;  and  no  attention  has 
been  given  to  localized  air  contaminations  that  occur  in  milking 
due  to  dirt  falling  through  the  air  from  the  cow's  body.  Many 
investigators  have  failed  to  make  this  important  distinction. 

PREVIOUS  STUDIES. 

For  a  long  time  it  has  been  felt  that  air  pollution  is  one  of  the 
important  sources  of  difficulty  in  the  production  of  clean  milk. 
This  conclusion  has  been  supported  by  nearly  all  of  the  men  who 
have  made  investigations  in  this  field.  The  majority  of  these 
men  have  come  to  this  conclusion  by  an  indirect  route  and  a  care- 
ful reading  of  their  papers  shows  that  preconceived  ideas  of  the 
prevalence  of  bacteria  in  the  air  and  of  the  importance  of  air 
pollution  (a  legacy  of  the  earlier  work  on  spontaneous  generation) 
have  so  influenced  the  conclusions  drawn  that  they  are  sometimes 
directly  contrary  to  the  data  given. 

One  of  the  commonly  used  methods  for  the  study  of  this  problem 
has  been  to  select  a  number  of  cows,  divide  them  into  two  groups, 
and  test  the  milk  of  one  group  before  some  dusty  bam  operation 
(such  as  feeding  hay  or  grain)  and  then  the  milk  of  the  other  group 
either  during  or  after  the  bam  operation  under  study.  The  most 
careful  of  these  workers  have  carried  on  a  series  of  such  tests,  alter- 
nating the  two  groups  of  animals  in  order  to  eliminate  outside 
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influences  so  far  as  possible.  At  the  best,  this  is  but  an  indirect 
method  of  attacking  the  problem,  subject  to  many  possibiUties  of 
em)r  and  useless,  with  our  present  methods  of  anal3rsis,  as  a  means  of 
detecting  small  influences.  Yet  in  many  cases  it  has  been  the 
best  available  method  and  as  such  was  used  in  some  of  the  pre- 
vious investigations  at  the  Station.'* 

Another  method  of  studying  this  problem  has  been  to  expose 
gelatin  or  agar  plates  in  the  stable  during  milking,  feeding  or  other 
bam  operation.  Conclusions  have  been  drawn  concerning  the  effect 
of  these  operations  in  contaminatmg  the  milk  from  the  number  of 
colonies  which  have  developed  on  the  plates.  As  was  shown  in 
Part  I  (pages  174-7),  the  plate  exposure  method  is  an  inadequate 
method  of  estimating  the  number  of  bacteria  which  are  precipi- 
tated from  the  air,  giving  numbers  which  are  much  lower  than  the 
actual  figures  should  be.  Aside  from  this,  the  method  is  correct 
in  principle.  Almost  all  of  the  investigators  who  have  used  this 
technique  have  stopped  with  the  determination  of  the  number  of 
colonies  which  develop  on  the  plates  after  exposure  and  have  not 
calculated  from  their  data  the  number  of  bacteria  per  cubic  centi- 
meter which  would  have  been  added  to  the  milk  during  exposure 
m  the  stable.  If  this  had  been  done,  none  of  the  investigators 
would  have  given  the  impression  that  the  air  was  quantitatively 
(me  of  the  most  important  sources  of  milk  pollution. 

Since  the  present  writers  have  used  methods  of  attacking  this 
problem  which  makes  it  difficult  to  correlate  their  results  with  those 
secured  by  previous  investigators  in  a  more  specific  way  than  has 
jost  been  done,  no  detailed  review  of  this  extensive  literature  will  be 
undertaken. 

PRESENT  STUDIES. 

A.  TBCHNIQITE. 

As  already  indicated,  an  attempt  has  been  made  in  this  investi- 
gation to  control  all  conditions  which  might  influence  the  results 
and  to  measure  the  factor  of  air  contamination  as  directly  as  possible. 
The  work  given  in  Part  I  and  indirect  data  from  various  sources 
bad  led  to  the  belief  that  the  number  of  bacteria  gaining  access  to 
the  milk  from  the  air  was  relatively  small  in  comparison  to  the 
nmnbers  derived  from  the  interior  of  the  udder,  the  exterior  of  the 

**  See  footnote  1,  third  reference.. 
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oowy  and  the  pail.  In  devising  methods  of  attack,  it  was  therefore 
felt  to  be  neoessaiy  to  eliminate  these  factors  if  possible.  Further- 
more, it  was  thou^t  advisable,  so  far  as  possible,  to  distinguish 
between  contamination  of  the  milk  due  to  the  washing  effect  of  the 
milk  as  it  is  sprayed  throu^  ihe  air  during  the  milking  process  and 
the  contamination  of  the  milk  due  to  precipitation  of  bacteria  from 
the  air  into  the  (^)ening  of  the  milk  pail.  This  distinction,  although 
of  little  practical  importance,  has  been  found  useful  in  our  thinking 
on  the  subject. 
In  effecting  this  desired  control,  an  apparatus  waa  constructed 

which  made  it  possible  to 
imitate  the  milking  process 
very  closely  and  yet  allowed 
the  use  of  a  starile  fluid  in  the 
place  of  milk  as  drawn  from 
the  udder.  This  latter  sub- 
stitution was  considered  ess^i- 
tial  as  previous  investiga- 
tions'®  had  shown  that  milk 
as  drawn  from  the  udder  con- 
tarns  very  variable  numbera 
of  bacteria.  The  liquid  ehosoi 
for  the  present  work  was  steril- 
ized tap  water  whidi  was 
drawn  from  the  apparatus 
diown  in  Figure  4.  In  es- 
sence, this  apparatus  consisted 
of  an  artificial  ''  udder  "  with 
two  ''  teats "  through  whidi 
the  sterilized  water  could  be 
"  milked  "  after  the  manner 
of  actual  milking,  the  whole 


Fig  4. — Appabatdb  Ubbd    in  Abtivicial 

"  MnjciMO." 

A.  "  Udder."  B,  "  Teats  "  protected  by 
j^aas  tubes.  C,  Aerosoope.  D,  Pfeul  used 
in  determiniiig  the  amount  oi  precipitation 
under  the  "  cow  ".  E,  Connection  to  aspi- 
rator. 


apparatus  being  supported 
upon  a  platform  of  such  a  size  as  to  give  approximately  the  same 
protection  as  the  body  of  the  cow  and  at  such  a  height  from  the 
milk  pail  as  to  give  the  same  distances  as  occur  in  actual  milking. 
To  describe  the  apparatus  more  specifically:  The  tin  reservoir 
(A)  was  18  inches  in  height  and  7}  inches  in  diameter.    Two  holes 

*^  See  footnote  1,  fourth  referenoe. 
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were  made  in  the  bottom  of  this  to  which  two  tin  tubes  3  inches  in 
length  were  sddered.  Fastened  to  the  lower  end  of  these  tin  tubes 
were  rubber  tubes  which  served  to  connect  the  former  with  a  pair 
of  i^ass  ^'teats''  (B).  These  *^  teats  "  were  simply  8h<»t  pieces  of 
^asB  tubing  whose  lower  orifices  had  been  flattened  so  as  to  spray 
the  fluid  ''  milked  "  in  a  manner  similar  to  the  effect  produced  in 
actual  milking.  In  preparing  this  tin  ''udder"  for  stmlisation, 
two  thicknesses  of  a  closely  woven  cheese  doth  were  tied  over  the 
opening  at  the  top  and  the  glass  ''  teats  "  were  protected  by  passing 
them  throu^  corks  over  which  were  fitted  short  test  tubes  which 
thus  oonqyletdy  enclosed  the  ''teats". 

The  "  udder  "  thus  far  described  was  supported  on  a  wooden  {dat- 
form  m  the  center  of  whidi  was  an  opening  throu^  which  the 
"  teats  "  could  be  passed.  The  platform  was  26  inches  square  and 
31  inches  in  hei^t.  In  order  to  secure  the  usual  distance  between 
the  milking  pail  and  teats,  the  former  was  supported  on  a  box  under- 
neath the  platform.  The  milking  pail  used  was  a  small  hood-pro- 
tected pail  of  the  modified  Loy  type*^  having  a  capacity  of  about 
fire  fit^B.  The  opening  was  4}  by  6  inches.  When  standing  upright, 
the  exposed  area  was  approximately  122  sq.  cm.  (18.9  sq.  in.) .  During 
ibe  experiments,  the  pails  used  (D)  in  order  to  determine  the  precipi- 
tation "  under  Uie  cow  "  were  placed  directly  beside  the  "  milk  pail " 
and  at  the  same  height.  Those  used  for  determining  the  precipita- 
tion in  the  open  stable  were  placed  on  the  floor  near  the  apparatus 
just  described. 

In  using  this  apparatus,  four  tests  were  made  as  nearly  simultane- 
aotiy  as  possible,  two  or  three  p^^ons  being  kept  busy  attending  to 
the  various  details  of  the  tests:  1.  The  air  was  analysed  after  the 
manner  described  in  Part  I  (see  pages  424-7),  using  the  modified 
standard  a^oscope  there  described  and  figured.  Usutdly  seven  liters 
of  air  were  drawn  through  the  aspirator  in  an  interval  of  about  five 
minutes.  Hie  aeroscope  (C)  was  clamped  in  position  underneath  the 
platform  just  beside  the  two  pails.  2.  The  process  already  referred  to 
as  simulating  milking  was  carried  on  as  described.  The  water  was 
sterilised  in  a  separate  vessel  and  was  carried  to  the  bam  in  this 
vessel,  there  being  poured  into  the  "  udder,"  after  which  the  cheese- 
doth  cover  of  the  latter  was  replaced.  Check  samples  were  usually 
secured  by  drawing  some  of  this  water  through  one  of  tiie  "  teats  " 

"  See  footnote  1,  aeeond  reference. 
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directly  into  sterile  test  tubes.  Since  this  was  done  in  a  more  or 
less  dusty  atmosphere,  these  check  samples  frequently  showed  some 
growth  but  this  was  never  abundant  enough  to  affect  the  conclusions 
drawn.  All  of  the  sterile  water  that  could  be  ''milked"  in  the 
time  required  for  taking  the  air  sample  was  drawn  into  the  milk 
pail.  The  water  in  the  milk  pail  was  then  sampled  with  a  sterile 
pipette  after  thoroughly  stirring  it.  This  water  contained  the 
bacteria  washed  out  of  the  air  as  well  as  those  which  had  precipi- 
tated into  the  opening  of  the  small  mouthed  pail.  In  order  to 
apportion  the  number  between  each  source,  a  third  series  of  teste 
was  made.  3.  This  consisted  in  exposing  a  pail  (D)  having  an  open- 
ing of  266  square  centimeters  area  under  the  platform.  Eiither 
500  or  1  ;000  cubic  centimeters  of  tap  water  was  sterilized  in  the  pail 
which  was  covered  with  an  ordinary  metal  cover.  Check  samples 
were  taken  at  the  bam  just  before  using  and  the  cover  was  removed 
from  the  pail  at  the  proper  time.  At  the  close  of  the  milking  interval 
the  pail  was  re-covered  and  samples  taken  for  analysis  after  thoroughly 
mixing  the  contents  of  the  pail.  4.  Similar  determinations  of  the 
amount  of  precipitation  in  the  open  stable  were  made  by  placing 
pails  on  the  floor  beside  the  apparatus.  The  results  secured  from 
these  pails  are  given  in  the  tables  under  the  heading  of  "  precipita- 
tion in  the  open  stable  or  loft.'' 

The  plating,  incubation,  and  other  analytical  technique  was  carried 
out  as  in  the  previous  part  of  the  investigation  (see  pages  156-7).  The 
plating  of  the  samples  was  always  completed  within  1|  hours  after 
the  tests  were  made.  Usually  1  cubic  centimeter  quantities  were  used 
in  making  plates  and  an  agar  to  which  1  per  ct.  of  lactose  had  been 
added  was  used.  The  counting  and  interpretation  of  plates  were 
carried  out  as  described  in  Part  1.  Plates  were  made  in  triplicate 
and  the  averages  of  the  three  plates  accepted  except  where  the 
plates  were  obviously  overgrown  or  contaminated.  In  the  matter 
of  check  plates  which  were  always  made,  the  same  principles  guided 
us  in  accepting  or  discarding  results  as  in  Part  I.  Contaminations 
and  spreaders  were  more  troublesome  in  this  part  of  the  work  than 
in  Part  I  due  to  the  fact  that  the  sampling  had  to  be  done  under  less 
favorable  conditioDB.  All  results  are  given  where  a  complete  set 
of  satisfactory  plate  counts  were  obtained  in  tests  carried  out 
simultaneously. 
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b.  EXPERIMENTAL  DATA. 

A.    mjHBEB  OF  BACTERIA  IN  lULK  DERIVED  FBOH  THE  AIB. 

1.  Prdiminary  aeries  of  anatysea  in  the  dable. —  These  were  made 
to  test  the  suggested  technique.  In  this  series  the  procedure  used  was 
slightly  different  from  that  described  above  and  used  later,  but  since 
the  results  secured  were  similar  to  those  secured  in  the  lat«r  teste  they 
are  included  here.  In  this  preliminary  aeries,  but  one  precipitation 
pail  was  used  and  that  was  placed  on  the  floor  beside  the  t^paratus. 

Tuuc  VIII. —  TsBTS  Made  in  Station  Stablb  Dubino  AannciAL  "  MtuuNO." 
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In  the  first  14  tests,  the  water  was  allowed  to  flow  continuously 
through  the  "  teats  "  while  in  the  later  tests  in  the  series  and  in  all 
of  the  others  made,  the  water  was  drawn  mtermittently  thus  imitating 
the  actual  milking  process  more  closely.  Tests  showed  that  this 
change  of  procedure  had  little  or  no  effect  on  the  results  secured. 

Table  VIII  gives  the  results  of  the  series  of  tests  in  detail.  In  9 
complete  tests  an  average  of  224  colonies  developed  per  liter  of  air 
fmd  22  colonies  developed  per  cubic  centimeter  of  the  water  "  milked." 
The  latter  contained  both  the  bacteria  washed  out  of  the  air  by  the 
milk  sprayed  through  it  and  those  which  were  precipitated  into  the 
open  paiL    One  hundred  and  two  colonies  per  square  centimeter  of 


184   Ebpobt  of  the  Dbpabtment  of  Bactbrioloqt  of  the 

Burface  developed  from  the  bacteria  precipitated  in  a  fivenninute 
interval  into  the  open  pul  placed  on  the  fioor  beside  the  apparatus. 
Knowing  the  number  of  bacteria  precipitated  per  square  oentimet^, 
the  area  of  the  milk  pail  opening  and  the  number  of  cubic  centi- 
meters of  "  milk,"  the  number  c4  bacteria  precipitated  into  the 
"  milk  "  was  wonputed.  This  was  found  to  be  4  per  cubic  centi- 
meter. Subtracting  this  from  the  total  number  found  in  the  "  milk  " 
(22  per  cubic  centimeter)  gave  18  as  the  number  of  bacteria  washed 
out  of  the  8Jr  by  the  spraying  of  the  "  milk  "  through  it, 
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2.  Second  eeriea  of  analyaea  in  the  cow  stable. —  In  this  series  of 
tests  as  in  the  previous  series,  all  results  were  calculated  (m  the  baais 
of  five  minutes  as  the  length  of  time  required  in  "  milking,"  this 
being  appnHomatdy  both  the  average  time  required  in  hand  millgng 
and  the  actual  time  used  in  making  these  artifidal  tests.  Results 
of  the  tests  are  givrai  in  Table  IX.  In  the  15  tests,  an  average 
of  74  colonies  developed  per  liter  of  air,  11.3  bacteria  per  cubic 
centimeter  were  added  to  the  "  milk  "  fr(»n  the  air  by  the  millring 
process;  47  bacteria  were  precipitated  per  square  centimeter  und» 
the  "  cow  "  and  102  bacteria  per  square  centimeter  were  precipi- 
tated into  the  pail  in  the  open  stable.  When  these  11.3  bacteria 
per  cubic  centimeter  of  milk  are  divided  between  those  washed  out 
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of  the  air  by  the  streama  of  ''  milk  **  and  those  added  by  precipi- 
tation into  the  pail,  as  was  done  in  the  previous  series,  the  figures 
become  9.6  and  1.7  bacteria  per  cubic  centimeter  respectively. 

Tablb  X. —  TiSTB  Madb  in  Station  Stablb  Duung  Abtifigial  "Milkino/' 
Made  in  the  mocniiic  wfaUe  the  eows  were  beinc  fed  diopped  hey. 
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3.  Analy9e8  made  in  a  sUMe  where  the  cows  were  being  fed  dusiy 
(hopped  hay. —  The  very  low  results  secured  up  to  this  time  in  the 
investigation  were  surprising  to  the  investigators.  It  was  therefore 
decided  to  make  a  series  of  tests  under  very  dusty  conditions.  At 
this  season  of  the  year  the  cattle  were  being  fed  chopped  dry  hay 
which  caused  a  heavy  dust  in  the  stable  at  the  time  it  was  fed.  Tests 
were  therefore  made  while  the  feeding  was  taking  place,  four  tests 
bang  made  each  day.  The  apparatus  for  making  the  tests  was  set 
up  in  the  alley-way  in  front  of  the  cows  where  the  dust  was  the 
thickest.  Altogether  29  sets  of  analyses  w^»  made  but  only  16 
sets  proved  to  be  entirdy  satisfactory.  Only  these  latter  are  given 
in  detail  in  Table  X.  The  inclusion  of  all  of  the  data,  however, 
would  not  have  changed  the  conclusions. 

An  average  of  71  colonies  developed  per  liter  of  air  in  the  16  tests, 
and  the  number  of  colonies  obtained  per  cubic  centimeter  of  the 
'"  milk  "  was  only  7.0.  This  number  is  again  so  low  that  the  possible 
error  due  to  contaminations  is  proportionately  large,  though  the 
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actual  amount  of  contamination  is  necessarily  very  small,  if  any 
took  place.  Forty-seven  colonies  developed  per  square  centimeter 
of  the  area  exposed  in  the  pail  placed  imder  the  platform  while  50 
colonies  developed  for  each  square  centimeter  of  the  pail  placed  in 
the  open  beside  the  apparatus. 

When  the  number  found  in  the  "milk"  (7.0  per  cubic  centimeter) 
is  divided  between  the  two  sources  already  mentioned,  it  is  found  that 
probably  1.4  bacteria  per  cubic  centimeter  were  precipitated  into  the 
milking  pail  and  that  5.6  per  cubic  centimeter  were  washed  out  of  the 
air.  Such  low  figures  were  again  a  great  surprise  to  the  investigators 
and  show  that  either  the  dust  from  this  lot  of  hay  could  not  have 
been  richly  laden  with  bacteria  or  that  the  dust  settled  so  rapidly 
that  it  did  not  materially  affect  the  normal  state  of  the  air  in  the 
stable. 

4.  A  series  of  analyses  carried  oiU  in  the  stable  loft. —  The  fourth 
series  of  analyses  differed  from  the  others  in  several  particulars. 
Thus  far  none  of  the  work  had  been  done  in  an  air  richly  laden  with 
bacteria  in  spite  of  the  fact  that  the  trials  had  been  conducted 
under  a  great  variety  of  conditions  and  under  many  of  the  normal 
conditions  which  might  be  expected  in  a  dairy  stable.  In  order  to 
get  an  air  richly  filled  with  bacteria,  it  was  therefore  decided  to 
conduct  the  next-  series  of  analyses  in  the  hay  loft  where  a  heavy 
dust  could  be  secured  by  stirring  up  the  mixture  of  hay,  chaff,  dirt 
and  the  like  on  the  floor.  At  the  time  the  tests  were  made,  this 
was  stirred  up  until  the  condition  of  dustiness  was  much  greater 
than  that  ordinarily  found  in  dairy  stables  even  when  dry  grain  or 
hay  is  being  fed.  The  dustiness  was  so  great  that  it  was  decidedly 
disagreeable  to  work  in  the  loft.  Since  both  investigators  were 
needed  to  make  the  various  tests,  the  dust  was  only  raised  once 
and  that  at  the  banning  of  each  test. 

Four  tests  were  made  on  each  day,  and  the  time  of  "milking" 
was  made  five  minutes  in  each  case.  Owing  to  the  greatly  increased 
number  of  bacteria  present,  it  was  necessary  to  increase  the  amotmt 
of  sterile  water  in  the  precipitation  pails  from  500  to  1,000  cubic  cen- 
timeters and  to  use  100  cubic  centimeters  of  sterile  water  in  plat- 
ing out  the  sand  from  the  aeroscope.  The  rest  of  the  technique 
remained  the  same.  The  results  of  24  satisfactory  tests,  out  of  30 
made,  are  given  in  Table  XI,  six  results  being  omitted  because  the 
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cheek  {dates  did  not  prove  satisfactory  or  because  of  incomplete 
results  due  to  spreading  colonies  and  to  mold  growths. 


Tabu  XI. —  Twem  Madb  in  GoNMBonoN  Wrra  Artxfigial  '*  Milking  "  in  Stablb 

Loft. 
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♦  Only  20  tarts  in  this  ayerage. 

The  number  of  colonies  developing  from  the  air  proved  to  be  high, 
the  average  for  the  24  tests  being  2,068  per  liter.  Yet  when  the 
"  mUk  "  was  anal3rsed  only  47.6  colonies  appeared  per  cubic  centi- 
meter The  number  of  colonies  which  developed  from  the  bacteria 
precipitated  per  square  centimeter  of  the  pail  placed  under  the 
platform  was  371,  while  the  number  for  the  pail  placed  outside 
was  678  per  square  centimeter.  When  the  number  of  bacteria  which 
wcr^  precipitated  into  the  '^  milk "  was  calculated  as  explained 
above  (p.  184),  it  was  found  that  probably  9.8  bacteria  per  cubic 
oentimeter  had  fallen  into  the  pail  leaving  37.8  bacteria  per  cubic 
omtimeter  as  the  number  which  had  been  washed  out  of  the  air. 

In  one  respect,  the  figures  secured  were  not  satisfactory.  As  shown 
in  Table  XI,  the  check  plates  made  from  the  ''  milk  "  drawn  directly 
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into  sterife  test  tubes  were  never  entirely  sterile.  Later  work 
showed  that  the  trouUe  was  due  to  dust  which  dth^  dung  to  the 
moist  tips  of  the  teats  or  got  into  the  test  tubes  as  they  were  opeoied 
to  draw  the  samples.  Since  the  amount  of  this  contamination  does 
not  change  the  conclusions  drawn,  the  results  have  been  given  as 
shown  in  the  table. 

There  is  a  certain  general  agreement  iu  results  which  is  worth 
noting.  The  greatest  number  of  bacteria  appeared  in  the  *'  milk  " 
in  the  test  (No.  3)  where  the  aeroscope  showed  the  laigest  number 
of  bacteria  present  in  the  air.  Likewise  the  lowest  number  appeared 
in  the  "  milk  "  in  the  test  (No.  17)  ^ere  the  aeroscope  showed  the 
fewest  bacteria  in  the  air.  Intermediate  results  show  many  similar 
relations  though  exact  ratios  do  not  occur  nor  are  they  to  be  expected. 
In  general  no  widely  discordant  results  occur  in  this  or  in  any  of  the 
preceding  series. 

5.  Andlysea  made  in  the  stable  loft.  —  Although  the  dust  main- 
tained in  the  previous  series  of  analyses  was  so  dense  as  to  be  dis- 
agreeable to  work  in  and  as  such  was  heavier  than  the  dust  to  be 
found  in  any  cow  stable  under  ordinary  conditions,  it  was  decided 
to  carry  the  work  still  further.  This  was  the  more  desirable  because 
in  the  meanwhile  an  analysis  of  the  air  in  a  stable  of  a  bam  in 
the  vicinity  had  been  obtained,  in  which  the  number  of  bacteria 
present  was  greater  than  any  of  the  numbers  given  in  Table  XI. 
(See  Table  XVII,  Bam  A,  Test  No.  8,  page  201.)  In  this  new 
series,  extraordinary  pains  were  taken  to  secure  sterile  check  plates 
from  the  "  milk  "  drawn  from  the  "  udder."  Twenty-four  prelimi- 
nary tests  were  made  before  the  proper  dilutions  to  use  were 
discovered  and  methods  of  drawing  samples  were  devised.  The 
number  of  tests  made  per  day  was  reduced  from  four  to  two  and 
finally  to  one  before  the  proper  precautions  could  be  carried  out. 
Of  the  final  series  of  twenty-two  tests  there  w^re  still  two  which  were 
discarded  because  of  bad  check  plates. 

During  the  course  of  these  preliminary  tests,  it  was  discovered 
that  dust  clung  to  the  inner  surface  of  the  mlet  tube  of  the  aero- 
scopes  even  where  these  were  perfectly  dry.  Several  tests  were  there- 
fore made  in  order  to  find  out  whether  this  loss  was  unportant  or  not, 
and  also  to  check  up  duplicate  analjrses  under  these  exceptional 
conditions.  In  testing  to  determine  the  amotmt  of  loss  due  to  the 
dust  clin^ng  to  the  inlet  tubes,  24  comparisons  were  made  between 
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aeroseopes  of  the  usual  oonstructkm  and  aeroBcopee  in  wbich  the 
top  was  left  op^Ei;  that  is,  the  aeroscopee  were  sterilifled  with  a  cotton 
pli^  in  the  c^>e&  eskl  wliioh  was  raoioved  just  as  the  test  was  started. 
The  results  of  these  tests  showed  an  average  of  12,628  colonies  per 
liter  tot  the  aevoscopes  with  the  standard  inlet  tubes  as  against 
21,733  colonies  per  liter  for  those  in  which  the  top  was  left  open. 
This  result  sborwed  elearly  that  the  standard  form  of  inlet  tube  re- 
tained 80iiieba«t^ria,  making  all  of  the  per  liter  figures  given  in  Table 
XII  too  low.  Yet  because  of  the  fact  that  much  ct  the  increase  in 
number  of  bacteria  in  the  open  aeroscopes  was  due  to  free  precipi- 
tation mto  the  open  end,  it  was  decided  to  continue  to  use  the 
standard  inlet  tube  thus  giving  comparable  results  throughout  the 
whole  work. 

In  4D  comparisons  made  between  two  aeroscopes  of  the  usual 

eonstruetion  the  average  results  secured  were  14,376  colonies  per 

liter  of  air  for  one  sample  and  14,882  for  the  duplicate.    Individual 

oompaiisons  did  not  always  check  as  weU  as  the  averages  did,  but  in 

gooeral  the  results  were  more  satisfactory  than  those  secured  in  the 

analyses  recorded  in  Tables  V  and  VI  in  Part  I  (pages  171  and  173). 

Since  some  of  these  duplicate  analyses  were  run  at  the  same  time  as 

the  other  tests  whose  results  are  given  in  Table  XII,  the  per  liter 

figures  given  in  this  table  are  the  average  of  the  two  analyses  in 

some  cases  (indicated  with  an  asterisk). 

Fearing  also  that  the  method  of  measuring  bacterial  precipitation 
in  use  might  not  give  satisfactory  results  under  these  very  dusty 
conditions,  four  of  these  tests  were  made  in  duplicate.  The  results 
gave  an  avenge  of  3,645  colonies  per  square  centimeter  in  a  five- 
minute  interval  for  one  sample  and  4,455  for  the  duphcate.  Indi- 
vidual results  also  checked  weU  so  that  no  change  in  ihe  technique 
was  made. 

The  dust  was  maintained  continuously  during  the  testmg  in 
each  case.  To  do  this  required  three  persons  working  simultaneously, 
two  men,  as  before,  attending  to  the  details  of  ''  milking,"  exposing 
the  predpitation  pails  and  the  like,  while  the  third  man  took  care  of 
the  aeroscopes  and  kept  the  dust  stirred  up. 

Table  XII  gives  the  detaOed  results  of  the  20  satisfactory  tests 
which  were  carried  out  and  also  the  avenges  of  the  total  46  tests. 
The  average  numbers  of  bacteria  found  per  liter  of  air  in  these  tests 
was  hi^  (9,575  and  9,182).     The  lowest  result  obtained  was  960 
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per  liter  while  the  two  highest  results  were  28,200  and  71,600  bacteria 
per  liter.  The  latter  figures  are  the  highest  obtained  at  any  time  in 
the  investigation.  Enormous  numbers  of  bacteria  fell  into  the  pre- 
cipitation pails  as  is  shown  by  the  results  given  in  columns  five  and 
six.  The  average  numbers  found  for  the  pail  placed  in  the  open 
loft  were  28,377  and  41,855  per  square  centimeter  in  a  five  minute 
exposure.  The  similar  figures  for  the  pail  placed  under  the  plat- 
form were  14,163  and  20,774.  In  general  there  is  a  correspondence 
between  the  amount  of  precipitation  and  the  number  of  bacteria 
found  floating  in  the  air  but  this  relation  is  not  a  constant  one. 


Table  XII. —  Tbbtb  Made  Dubing  Abtifzgial  "  Milkino  "  in  the  Stable  Loft. 

Dense  diut  raised  and  maintained  during  the  tests. 


Test  No. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


Date. 


1015. 

April  16 

AprU  16 

AprU  10 

April  10 

April  22 

April  22 

April  23 

April  23 

May  13 
May 
May 
May 
May 

May  20 

May  21 

May  22 

May  26 

May  27 

May  28 

May  20 


14 
17 
18 
10 


Averages  of  20  satisfactory 
tests 


Averages  of  total  46  tests . 


Liters 

of 

fluid 

••  milked." 


5.0 
5.0 
4.5 
4.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
4.5 
5.0 


5 
5 
5 
5. 
5. 
4. 
4. 


0 

0 
0 
0 
0 

2 
5 


4.8 


4.6 


Count 

per  liter 

of  air. 


060 

1,643 

7,000 

9,710 

1,186 

4,286 

1,800 

7,570 

6,817 

♦2,673 

♦28.200 

♦16,600 

♦26,110 

♦12,700 

♦13,100 

♦18,500 

♦6,420 

♦15,300 

♦7,700 

♦4,230 


0,575 


0,182 


PKBCmTATfON     ON 

1  6q.  Cm.  in  5  Min. 


Open 
loft. 


560 
0,870 
16.383 
13.012 
8,491 
22,560 
10,550 
66,048 
35,720 
15,300 
64,672 
80,680 
53,580 
4,550 
25,485 
72,568 
12,617 
20,050 
33.840 
33,088 


28,377 


41.855 


Under 
"oow." 


000 

4.870 

8.800 

10,403 

1.128 

5.114 

0,626 

7,820 

10,265 

3,570 

27,072 

26,820 

42,770 

5.076 

26,320 

25.944 

14.246 

18.800 

16.544 

17,670 


Obbm  Contsnt 

Pkb  C.C.  or 

Fluid  **  Miucbd.* 


Sample. 


14.163 


20,774 


161 

629 

620 

135 

118 

301 

420 

5S0 

286 

1.430 

1.078 

1.200 

2S2 

1.000 

780 

767 


600 
820 


004 


745 


2.7 
8.0 
4.0 
4.0 
3.0 
8.3 
6.0 
1.0 
1.7 
2.7 
0.3 
1.0 
1.0 
1.0 
0.3 


0. 
1. 
1. 
0. 


0.3 


2.4 


♦  This  number  is  the  average  of  two  duplicate  analyses. 

The  most  interesting  figures  are  those  which  were  obtained  from 
the  '^  milk."  As  shown  in  the  last  column,  the  check  plates  obtained 
in  the  case  of  the  20  tests  given  in  detail  were  satisfactory  when 
the  conditions  of  work  are  considered.  Under  these  very  dusty 
conditions  the  ''  milk  "  gave  an  average  of  601  bacteria  per  cubic 
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ooitimeter  in  the  20  tests  with  satisfactory  check  plates  or  745 
per  cubic  centimeter  when  all  of  the  data  was  included.  The 
highest  number  of  bacteria  found  in  the  series  of  20  tests  was  1,430 
per  cubic  centimeter  (Test  No.  11)  while  the  lowest  number  was 
60  (Test  No.  1).  These  numbers  were  obtained  when  the  number 
of  bacteria  floating  in  the  air  were  the  highest  and  the  lowest  respec- 
tively. In  a  general  way  the  counts  obtained  from  the  "  milk  ** 
and  those  obtained  from  tiie  air  parallel  each  other  fairly  well  though 
exceptions  do  occur. 

When  the  bacteria  per  cubic  centimeter  of  fluid  ''  milked  "  (604) 
are  divided  into  those  precipitated  from  the  air  and  those  washed 
into  the  pail  by  the  milk  streams  (see  p.  183),  the  results  become  357 
and  247  per  cubic  centimeter  respectively.  In  one  respect,  the 
results  of  this  series  of  tests  differed  from  those  of  the  four 
preceding  series.  Here  the  dust  was  so  heavy  that  it  precipi- 
tated more  rapidly  and  completely  than  in  the  earlier  tests  and  as 
a  result  a  greater  proportion  of  the  bacteria  which  appeared  in  the 
"  milk  '*  were  due  to  precipitation  than  in  the  previous  tests. 

5.  Discussion  of  resvUs  of  five  preceding  series  of  tests. —  The  results 
recorded  in  the  five  preceding  series  of  tests  have  already  been 
briefly  described  but  there  are  several  important  conclusions  which 
can  be  pointed  out  from  the  five  series  as  a  whole.  Altogether,  110 
complete  sets  of  analyses  have  been  made  under  a  variety  of  con- 
ditions, the  number  of  bacteria  varying  from  14  per  liter  to  71,500 
per  liter  of  air.  The  highest  bacterial  count  per  liter  of  air  in  the 
Station  stable  obtained  in  the  five  series  of  tests  was  760. 

In  all  of  the  analyses  made  in  the  Station  stable,  the  number  of 
bacteria  appearing  in  the  liquid  ''  milked,"  was  surprisingly  low 
(average =12),  in  fact  much  lower  than  had  been  expected.  The 
bluest  count  obtained  under  these  conditions  was  73  per  cubic 
cmtimeter.  Then  follow  in  order,  51,  51,  and  36.  All  the  remaining 
uialyses  gave  counts  of  less  than  22  per  cubic  centimeter,  figures 
which  are  so  low  that  accurate  coimts  are  difficult  to  obtain  because 
of  rdatively  large  errors  produced  by  small  contaminations.  The 
W  germ  content  thus  secured  shows  that  air  contamination  of  this 
sort  is  insignificant  under  good  dairy  conditions. 

In  those  analyses  made  in  the  stable  loft  under  abnormally  dusty 
con<titions,  the  germ  content  per  cubic  centimeter  of  the  fluid 
"milked,"  ranged  from  14  to  2,134.    When  the  dust  was  raised 
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but  once  the  highest  germ  content  obtained  was  133  per  cubic  centi- 
meter while  the  lowest  count  obtained  when  the  dust  was  maintained 
continuously,  was  69  per  cubic  centimeter.  These  numbers  were 
secured  under  very  dusty  conditions.  C(Nitaminations  as  bad  as 
the  worst  of  these  could  easily  be  detected  by  ordinary  laboratory 
methods. 

The  above  data  may  be  presented  in  another  way  as  shown  in 
Table  XIII  which  gives  a  simunary  of  the  data  recorded  in  Tables 
VIII  to  XII  according  to  the  number  of  bacteria  found  per  liter  of 
air.  In  the  26  tests  which  were  made  when  the  number  of  bacteria 
present  in  tiie  air  was  less  than  100  per  liter,  the  average  germ 
content  of  the  ''milk^'  was  7.0  per  cubic  centimeter.  In  the  19 
tests  made  when  the  number  of  bacteria  was  between  100  and  1,000 
per  liter  of  air,  the  average  germ  content  of  the  ''  milk  "  was  33.4 
per  cubic  centimeter.  In  the  33  tests  when  the  number  of  bacteria 
in  the  air  was  between  1,000  and  10,000  per  liter  of  air,  the  average 
germ  content  of  the  '^  milk  "  was  195,  while  in  the  7  tests  when  the 
number  of  bact^ia  was  over  10,000  per  liter  of  air,  the  average  germ 
content  was  937  per  cubic  centimeter.  Since  in  the  Station  stable 
the  number  of  bacteria  per  liter  of  air  is  rarely  above  500,  this  source 
of  milk  contamination  must  necessarily  be  small  at  all  times.  In 
some  conmiercial  dairies,  where  dustier  c(»iditions  prevail  it  would 
be  a  factor  of  sufficient  importance  to  warrant  an  effort  to  reduce 
dust-producing  operations  during  milking  to  a  minimum. 

Tablb  XIII. —  Amaltbbs  Summabizbd  Accobdino  to  thb  Number  of  Bactbbia 

Per  Litbr  of  Am. 


Lrbb  of  Aib  bbtwbsn  — 

Number 

of  testa 

made. 

Averace 

OOUDt 

£Sr 
of  air. 

Ayxsagb  PlUCIRrA- 
noN  IH  6  MnnnsB. 

Bacteria 

washed 

oat  of 

airily 

••milk" 

stream. 

Total 

Per 

aq.  cm. 

under 

-eow." 

Per  0.0. 

of  fluid 

"mUked." 

oontent* 

in 
••  milk  •• 

0-100 

26 
19 
38 

7 

61 

312 

3.270 

18.644 

40 

210 

3.581 

24,264 

1.8 

6.6 

04.0 

611.0 

5.2 

26.6 

101.0 

826.0 

7.0 

101-1.000 

33.2 

1.001-10,000 

10.000  and  upwaitls 

105.0 
937.0 

*  The  figaree  in  this  oolumn  aie  the  sum  of  those  in  two  ureoediaK  *^'!"i"" 

All  of  the  results  obtained  in  this  investigation  have  been  sum- 
manzed  according  to  various  bam  operations  in  order  to  discover 
whether  there  was  any  relation  between  particular  bam  operations  and 
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the  number  ef  bacteria  in  the  air.  Altogether  1,130  separate  analyses 
of  air  samples  have  been  made  in  this  work  but  since  many  of  them 
were  duplicate  analjrses  or  were  made  under  artificial  conditions 
they  are  not  available  fcMr  this  sununary.  Three  hundred  and 
forty-four  analyses  were  made,  however,  under  normal  bam  con- 
ditions, and  in  such  a  way  that  the  results  are  available  for  this 
purpose.  These  have  all  been  summarized  in  Table  XIV  according 
to  nine  different  bam  operations.  Not  all  of  these  analyses  were 
made  with  the  same  kind  of  an  aeroscope,  and  a  small  percentage 
of  the  results  are  undoubtedly  lower  than  they  would  have  been  if 
the  technique  finally  adopted  had  been  used.  This  is  offset  by  the 
fact  that  wherever  duplicate  analyses  were  available,  only  the 
results  were  used  in  the  summary. 


Tabls  XIV. —  Analyses  SxnaiAHiQED  Acoobdino  to  thb  Babn  Opbraticn  in 

Fboobbsb  at  thb  Tdob  or  Makino  thx  Analysis. 


Babn  Opbration  in  Pboobess  at  thn  Tim  thb 
Analysis  Was  Made. 


1.  Bsm  empty  everything  quiet 

2.  Bam  empty,  sweeping  floor  or  dusting  ofiF  stanchions 

3.  Cows  in  bam.    Everything  quiet 

4.  Brasfaing  off  oows 

5.  Feeding  dry  grain 

6.  Bmahing  off  oows  when  test  was  started.    Feeding  grain 

at  end  of  test 

7.  Feeding  grain  at  beginning  of  test.    MiUdng  started  before 

test  was  finished 

8.  Afilking  in  progress 

9.  Feeding  silage  just  after  imlking  was  finished 


Number 

Average 

of 

germ 

analyses 

content 

made. 

per  fater 

of  air. 

60 

41 

7 

135 

20 

•     04 

33 

130 

50 

124 

8 

190 

11 

235 

153 

111 

10 

271 

The  average  germ  content  per  liter  in  all  of  the  344  tests  was  115. 
The  lowest  nmnber  of  bacteria  was  found,  as  would  naturally  be 
expected,  when  the  bam  was  empty  and  the  air  was  quiet.  In 
sixty  such  analyses  the  average  number  of  bacteria  found  was  41 
per  Uter  of  air.  In  20  analyses  made  when  the  cows  were  in  the  bam 
but  standing  or  lying  quietly  and  all  was  quiet  in  the  stable,  the 
number  of  bacteria  found  was  94  per  liter  of  air.  Dining  the  milk- 
ing period  when  everything  was  as  quiet  as  could  be  expected  under 
these  circumstances,  153  analyses  showed  an  average  of  111  bacteria 
per  liter. 

7 
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In  the  periods  wh^i  bam  operations  were  in  progress  which 
caused  more  or  less  dust^  a  gradual  increase  in  the  number  of  germs 
present  is  found.  Thus  50  anal3rses  taken  at  the  time  when  dry 
grain  was  being  fed  to  the  cows  gave  124  colonies  p^  liter  of  air, 
33  analyses  taken  while  the  cows  were  being  brushed  gave  130 
colonies  per  hter  of  air^  and  7  analyses  taken  ^rfiile  the  empty  ham 
was  being  swept  and  the  stanchions  brushed  off  gave  135  bacteria 
per  liter  of  air.  ES^t  tests  taken  just  at  the  time  when  brushing 
of  the  cows  was  still  in  progress  and  the  feeding  of  dry  grain  had 
started  showed  190  bacteria  per  liter.  Eleven  analyses  were  tak^i 
just  as  the  cows  finished  eating  the  dry  grain  and  milking  was  start- 
ing. These  showed  an  average  of  235  bacteria  per  liter.  The  highest 
average  numbers  were  found  after  milking  was  finished  and  at  the 
time  when  the  cows  were  being  fed  silage.  At  this  time  the  catUe 
were  moving  about  in  their  stalls  causing  consid^able  commotion 
and  dust  and  it  is  believed  that  this  caused  the  high  counts 
rather  than  bacteria  from  the  silage.  The  average  number  of 
bacteria  found  in  10  such  tests  was  271  per  liter  of  air. 

Individual  tests  among  the  344  analyses  gave  results  varying  from 
0  to  825  colonies  per  liter  of  air.  Individual  tests  made  while  milk- 
ing was  actually  in  progress  varied  from  4  to  760  colonies  per  liter. 
About  one-third  of  the  tests  gave  results  under  50  colonies  per  liter, 
about  one-third  between  50  and  100  per  liter  and  the  remaining 
third  gave  more  than  100  per  liter. 

These  results  obtained  in  the  Station  bam  are  similar  to  those  of 
Leufven  ^  who  obtained  numbers  of  bacteria  ranging  from  178  per 
liter  before  work  commenced  in  the  cow  stable  to  504  per  liter  during 
the  feeding  of  hay.  During  milking,  he  found  184  bacteria  per 
liter  and  193  per  liter  just  at  the  close  of  milking.  The  analyses 
were  made  by  the  use  of  aeroscopes  which  contained  powdered 
sugar  filters. 

Barthel,^  using  aeroscopes  with  filters  of  powdered  sodium  sul- 
phate, obtained  an  average  of  52  microorganisms  per  liter  in  the 
open  air,  112  per  liter  in  the  stable  during  the  noon  hour  and  740 

"Leufv^,  Q.  J.  UnderaSkningar  inom  Ultuna  mejeri  och  UulugarcL  12.  Luf- 
tundeiBdkningar  inom  me  jeret  ooh  bduc^tfdeii.  Redogordae  for  Venamhden  vid 
UUuna  LandSffukHnstUut,  Land&mksakola  och  Egendom  or  1894,  P-  35-46,  18d5. 

"  Barthel,  C.  UntenRichungen  tkber  die  Mikrooiganiamen  in  der  StaOlufi,  in  der 
frischgemolkenen  Milch  und  im  Euter  der  Kuh.  MUchzeit.,  32:626-628.  645-647, 
658-660,  1903.    Idem  in  French,  Rev,  Qen.  du  LaU,  1 :  505-516,  529-541,  im 
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per  liter  during  the  feeding  of  bay.  In  another  series  of  tests,  he 
obtained  300  microorganigms  per  Uter  during  the  midday  rest,  315 
per  liter  during  the  evening  milking  and  1,213  per  liter  during  the 
feeding  of  hay.  He  also  cites  (page  626)  the  work  of  Lonnroth 
who,  he  says,  used  the  same  technique  and  obtained  results  somewhat 
hil^ber  thaa  his  own.  In  comparing  these  figures  with  those  given 
in  this  Bulletin,  it  should  be  kept  in  mind  that  the  figures  which 
Barthel  has  giv^i  include  both  bacteria  and  molds. 

Petri  **  has  likewise  given  us  some  anal3rses  of  stable  eir  which  he 
made  with  the  aid  of  his  newly  devised  sand  filter.  His  results 
vary  fnmi  8.5  to  34  bacteria  per  liter  of  air.  Koning*^  also  gives 
fliz  analyses  which  were  made  with  a  sand  filter.  His  results  vary 
fram  15  to  720  bacteria  per  liter,  the  former  being  made  in  the 
open  air  and  the  latter  between  two  cows  in  a  stable. 

B.   DIBCnSSION  OF  THE  RESUI/rS  OBTAINED  BT  EXPOSING  A  STEBILB 
FLUID  IN  PAHS  TO  THE  AIB  OF  THE  STATION  STABLE. 

One  of  the  dairy  operations  commonly  advocated  for  the  pro- 
dacti<m  of  a  clean  milk  is  the  prompt  removal  of  the  milk  from  the 
stable  as  soon  as  drawn.  It  therefore  becomes  important  to  measure 
the  value  of  this  procedure.  This  has  been  done,  as  already  explained 
(pag^  182)  by  exposing  pails  containing  a  known  amount  of  sterilized 
water  in  the  stable  for  known  periods  of  time.  Since  this  deter- 
mination was  made  at  the  same  time  that  the  air  was  being  analysed 
and  other  tests  were  being  carried  out,  all  of  the  detailed  data  has 
been  tabulated  together.  (See  Tables  VIII  to  XII.)  The  data 
which  apply  to  the  subject  under  discussion  here  have  been  given 
in  these  tables  under  the  heading  ''  precipitation  in  the  open  stable 
or  Icrft." 

Fifty-four  of  these  tests,  which  were  made  in  the  Station  stable, 
have  been  retabulated  in  summarized  form  in  Table  XV  according 
to  the  bam  operation  in  progress  at  the  time  the  test  was  made.  In 
the  same  table  the  average  number  of  colonies  which  developed  from 
die  bacteria  which  fell  on  a  one-square-centimeter  area  in  a  five- 
minute  interval,  has  been  converted  by  calculation  into  the  number 
of  colonies  which  would  develop  from  each  cubic  centimeter  of  milk 

>*  See  footnote  3. 
*  See  footnote  17. 
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in  a  five-liter  (about  five  quarts)  pail  of  milk  if  exposed  for  the 
interval  of  time  given  (1,  5,  15^  30  or  60  minutes).  The  calculations 
have  been  made  for  both  the  small-mouthed  (Loy)  pail  with  an 
area  of  opening  of  142  square  centimeters  and  the  open  12-inch 
pail  which  has  an  area  of  opening  of  729  square  centimeters. 


Tablb  XV. —  Rbbuuib  Obtainkd  bt  Exposino  a  SrsBiug  Liquid  in  Pailb  to  ths 

AiB  OP  THB  Opxn  Stable. 


Sammariied  aooording  to  the  bam  operation  in  progren  at  the  time  the  test  was  made. 

Babn  OPBBAnosr 

PadL 

Number 

of 

tests. 

Preoipitar 

tion  on 

1  sq.  cm. 

in  6  min. 

Calculated  Number  or  Bactbbla  Which 

1  min. 

15  min. 

30  min. 

60  min. 

Feeding  diy  grain 

Loy.... 
Open... 

7 
7 

71 
71 

0.40 
2.07 

2.02 

10.35 

6.06 
31.05 

12.1 
62.1 

24.2 
124.0 

Feeding         dry 
chopped  hay. 

Loy 

Open... 

22 

22 

55 
55 

0.30 
1.00 

1.56 
8.02 

4.60 
24.06 

0.4 
48.0 

18.7 
96.0 

Mtllrine,     , 

Loy.... 
Open... 

26 
25 

114 
114 

0.6 
3.3 

3.20 
16.6 

0.60 
49.8 

19.2 
99.6 

38.0 

199.0 

Table  XVI  sliows  similar  data  except  that  the  numbers  of  bacteria 
which  would  be  added  to  the  milk  from  staading  in  the  stable  are 
derived  from  arbitrarily  assumed  numbers  of  bacteria  precipitating 
on  a  given  area  (see  first  colunm  of  Table  XVI).  The  table  was 
drawn  up  for  the  purpose  of  furnishing  a  ready  means  of  making 
comparisons. 

As  shown  in  Table  XV,  seven  tests  made  in  the  Station  stable 
while  the  cows  were  being  fed  dry  grain  showed  an  average  of  71 
colonies  developing  on  the  agar  plates  for  each  square  centimeter  of 
exposed  surface,  this  and  all  the  remaining  data  of  the  same  kind 
being  calculated  on  the  basis  of  a  five-minute  exposure.  Twenty- 
two  similar  tests  made  in  the  Station  stable  at  a  period  when  the 
cows  were  being  fed  dry  chopped  hay  gave  the  surprisingly  low 
result  of  55  colonies  per  square  centimeter  of  area.  Somewhat 
higher  results  were  obtained  from  25  tests  made  during  milking 
although  the  dust  in  the  air  was  less  noticeable  than  during  either 
of  the  two  operations  just  mentioned.  The  average  in  the  last  case 
was  114  colonies  per  square  centimeter. 
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In  order  to  show  the  effect  which  this  amount  of  precipitation 
would  have  cm  the  germ  content  of  the  milk  produced  in  the 
stable,  it  is  neceasary  to  recalculate  this  data  in  such  a  way  as  to 
show  the  increase  which  would  take  place  in  the  germ  content  per 
cubic  centimeter  of  an  average  pail  of  milk  if  it  were  allowed  to 
stand  in  the  open  stable.  This  has  been  done  and  the  results  are 
pven  in  the  last  five  columns  of  the  table.  In  this  calculation,  the 
average  quantity  of  milk  per  cow  has  been  arbitrarily  tak^i  at  five 
liters.  The  results  of  this  calculation  show  that  under  the  worst 
of  the  assumed  conditions,  namely,  where  the  milk  is  allowed  to  stand 
an  hour  in  the  open  stable  in  an  open  12-inch  pail,  the  number  of 
bacteria  added  per  cubic  centimeter  would  be  124  if  this  were  done 
while  the  cows  were  being  fed  dry  grain,  96  if  this  were  done  while 
they  were  being  fed  dry  chopped  hay  or  199  if  it  were  done  diuing 
milking.  These  numbers  are  all  so  small  that  they  could  scarcely 
be  detected  in  any  but  the  highest  grade  of  milk  by  any  known 
method  of  analysis.  An  examination  of  the  results  calculated  on 
the  basis  of  a  small-mouthed  pail  shows  that  a  five-quart  pail  of 
milk  could  stand  in  the  open  stable  for  one  hour  or  longer  without 
producing  any  detectable  result  so  far  as  bacteria  added  to  the  milk 
from  the  air  are  concerned.  Numbers  could  also  be  calculated  in  a 
similar  way  which  would  show  the  effect  of  exposing  milk  in  open 
milk  cans  or  in  strainers. 

As  shown  in  Table  XVI,  when  the  number  of  bacteria  which  are 
precipitated  into  the  open  milk  pail  is  between  50  and  100  per  square 
centimeter  in  a  five-nunute  exposure,  the  number  of  bacteria  which 
would  be  added  to  a  five-liter  pail  of  milk  in  an  exposure  of  one 
hour  is  small  (87-180  per  cubic  centimeter).    Such  an  increase  in 
numbers  could  probably  be  detected  in  a  very  high  grade  milk  by 
present  methods  of  bacteriological  analyBes  but  could  not  be  detected 
in  a  milk  containing  10,000  or  more  bacteria.    If  the  number  of 
bacteria  precipitating  per  square  centimeter  in  a  five-minute  interval 
should  be  as  great  as  500-1,000,  the  number  of  bacteria  added  to  a 
five-hter  pail  of  milk  in  a  15-minute  exposure  (219-437)  could  be 
detected  as  stated  before  in  very  high  grade  milks  but  probably 
not  in  milk  containing  more  than  10,000  bacteria  per  cubic  centi- 
meter.   As  shown  in  the  table,  when  the  number  of  precipitating 
bacteria  becomes  larger  than  those  just  discussed,  even  a  very  short 
exposure  of  the  milk  suffices  to  produce  appreciable  increases  in 
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the  number  of  bacteria  which  would  occur  in  the  milk.  Because 
of  the  much  smaller  opening  of  the  pail,  the  number  of  bacteria 
which  would  fall  into  the  small-mouthed  pail  is  about  (xie-fifth  of 
the  number  which  would  fall  into  the  open  pail. 


Table  XVI. —  Calculatibd  Number  of  Bacteria  WmcH  Woxtld  Fall  into  an 

Open  Mnuc  Pail  in  Given  Lenqths  of  Time 


• 

AflBUMBD  PRBGUTTATION 

ON  1  Square  Centi- 

Calculated Number  of  Bacteria  WmcH  Woxtld 
Be  Added  to  the  Milk  Per  Cubic  Centimeteb  nr 

meter  IN  5  Minutes. 

1  minute. 

6  minutes. 

16  minutes. 

30  minutes. 

60  minutes. 

50 

1.5 
2.9 
7.3 
14.6 
29.2 
146 
292 
1,460 

7.3 
14.6 
36.6 
72.9 
146 
729 
1,458 
7,290 

21.9 

43.7 

100 

219 

437 

2,187 

4,374 

21,870 

43.7 

87.5 

218 

437 

875 

4,374 

8,748 

43,740 

87.6 

100 

180 

260 

437 

500 

875 

1.000 

1,750 

•*■  1  ''^'^  ■•• .• 

6,000 

8,748 

10,000 

17,496 

60,000 

87,480 

The  interpretation  of  these  results  on  the  basis  of  actual  farm 
conditions  is  not  difficult.  In  the  Station  stable  there  were  only 
17  out  of  a  total  of  54  tests  in  which  the  number  of  precipitating 
bacteria  was  greater  than  100  per  square  centimeter  in  a  five-minute 
interval,  the  highest  test  showing  269  bacteria  precipitating  per 
square  centimeter.  Many  of  these  tests  were  made  while  dry, 
chopped  hay  or  dry  grain  was  being  fed  and  all  were  made  when 
there  was  more  or  less  commotion  in  the  stable  such  as  that  pro- 
duced during  milking,  feeding  silage,  brushing  cows  and  the  like. 
Even  during  the  worst  of  these  conditions  a  pail  of  milk  could  have 
stood  for  15  minutes  in  the  open  stable  without  detectable  result 
so  far  as  increase  in  the  number  of  bacteria  was  concerned. 

Because  even  the  worst  of  the  conditions  tested  in  the  Station 
stable  did  not  represent  the  worst  known  or  worst  conceivable  con- 
ditions in  commercial  dairies,  66  tests  were  made  in  the  bam  loft 
where  heavy  dusts  were  readily  obtainable.  As  has  been  stated 
in  connection  with  the  previous  discussion,  some  of  these  results 
(Table  XI,  page  187)  were  obtained  after  raising  an  abundant  dust 
at  the  beginning  of  each  test  while  some  were  obtained  while  a  con- 
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tinuous  dust  was  being  stirred  up  (Table  XII,  page  190).  In  the 
first  of  these  two  series,  which  included  20  tests,  an  average  of 
678  colonies  developed  for  each  square  centimeter  of  area  exposed 
for  five  minutes.  In  this  case,  the  lowest  numbers  (tests  Nos.  2 
and  17,  Table  XI)  obtained,  were  lower  than  some  of  the  highest 
tests  obtained  in  the  stable  (see  tests  Nos.  14  and  18,  Table  VIII 
and  tests  Nos.  13  and  15,  Table  IX)  but  the  highest  results  obtained 
were  very  high. 

In  the  second  of  the  two  series  of  tests  carried  out  in  the  loft 
(Table  XII),  46  tests  gave  an  average  of  41,855  colonies  developing 
from  the  bacteria  which  fell  on  each  square  centimeter  in  a  five- 
minute  interval,  the  lowest  test  showing  560  and  the  highest  291,400. 
However,  if  only  the  20  more  satisfactory  tests  are  taken  into  account 
the  average  becomes  28,377  and  the  highest  individual  test  65,048. 

The  medium  and  lowest  results  obtained  in  these  two  series  of 
tests  represent  conditions  which  might  obtain  in  any  bam  for  a  short 
time  after  such  dusty  bam  operations  as  feeding  dry  hay,  grain  and 
the  like.  If  milk  were  exposed  in  the  stable  under  such  conditions 
for  a  short  time  only  (see  Table  XVI)  the  numbers  of  bacteria  added 
would  be  appreciable  while  these  numbers  rapidly  increase  with 
longer  exposures  or  with  worse  conditions.  The  highest  of  the 
results  obtained  from  precipitation  in  the  loft  represent  conditions 
which  are  scarcely  conceivable  even  in  the  worst  commercial  dairies. 
They  could  only  be  obtained  by  attempting  to  milk  within  a  few 
feet  of  the  dusty  end  of  a  threshing  machine  or  the  like.  The 
precipitation  pails  exposed  under  these  conditions  were  covered  with 
a  heavy  layer  of  dirt  at  the  end  of  five  minutes. 

C.    ANALYSES  OF  THE  STABLE  AIR  OF   COMMERCIAL  DAIRIES. 

Because  of  the  fact  that  the  Station  stable  presents  some  imusual 
ocmditions,  it  was  deemed  wise  to  carry  the  investigation  into  com- 
mercial daily  stables  where  the  conditions  were  in  no  way  excep- 
tional. However,  in  doing  this  it  was  not  practicable  to  make  as 
complete  comparisons  as  in  the  former  case.  Accordingly,  analyses 
which  showed  the  number  of  bacteria  present  in  the  stable  air  of  three 
daily  bams  in  the  immediate  vicinity  were  made.  One  of  these 
(Bam  C)  was  a  bam  of  the  old  type  and  would  be  given  a  low  rating 
oa  any  dairy  score  card.    In  fact,  in  the  investigation  reported  upon 
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in  Bulletin  398,**  this  dairy  is  referred  to  as  Farm  31  and  is  given  a 
score  of  48.95,  on  the  "  Official "  card,  42  on  the  New  York  City 
card  and  53.2  on  the  "  Cornell  "  card.  The  other  two  bams  (Bams 
A  and  B)  were  modem  in  constmction  and  of  a  fairly  good  type. 
They  are  referred  to  in  Bulletin  398  as  Farms  16  and  18.  The  dairy 
scores  there  given  them  are  73.08  and  66.10  on  the  "  Official  "  card, 
73  and  58  on  the  New  York  City  card  eind  81.4  and  73  on  the 
"  ComeU  "  card. 

Bam  A.  The  air  of  this  bam  was  sampled  fifteen  times,  five  times  in 
the  smnmer  (by  K.)  and  ten  times  in  the  winter  (by  R.).  The  bam 
was  fitted  with  swing  stanchions  and  had  a  concrete  floor  and  drop. 
The  interior  was  well  lighted.  The  walls  were  free  from  cobwebs 
and  there  was  Uttle  dust  on  the  ledges.  The  air  was  noticeably 
dusty  on  both  visits  to  the  stable.  Eighteen  cows  were  kept.  While 
they  were  free  from  dried  manure  on  then-  flanks,  it  was  evident 
that  no  especial  care  was  taken  to  clean  them. 

Seven-hter  samples  of  air  taken  for  each  test  and  the  aeroscopes 
were  brought  to  the  laboratory  at  once  and  the  material  plated  in 
the  usual  manner.  Because  of  uncertainty  as  to  the  number  of 
bacteria  present  a  larger  number  of  dilutions  was  made  than  usual. 
The  results  of  the  tests  are  given  in  Table  XVII  together  with  notes 
which  teU  the  bam  operation  in  progress  at  the  time  the  analysis 
was  made.  The  hay  referred  to  as  being  fed  at  the  time  of  the  July 
visit  was  cured  cowpeas  and  oats.  The  results  of  the  five  analyses 
made  under  these  conditions  varied  from  106  to  227  colonies  per 
liter  of  air.  Such  figures  show  a  close  correspondence  to  the  figures 
secured  in  the  Station  stable  under  similar  conditions.  The  tests 
made  in  the  winter  tune  were  made  under  a  greater  variety  of  con- 
ditions and  show  much  greater  variations  in  results.  The  highest 
number  (16,070)  was  the  highest  number  secured  in  any  of  the  com- 
mercial dairies  and  was  obtained  while  hay  was  being  thrown  down 
and  fed  to  the  cows.  Other  relatively  high  results  were  secured 
immediately  after  this,  which  would  correspond  to  the  lowest  of  the 
results  secured  in  the  Station  loft  when  an  artificial  dust  was  raised. 
In  half  an  hour  the  dust  had  settled  to  such  an  extent  that  the  number 
of  colonies  developing  per  liter  of  air  had  become  much  lower.  One 
abnormally  low  result  was  secured  (Test  No.  14,  four  colonies  perlitrar) 

^  Brow,  J.  D.    Mnk  quality  as  detennined  by  prosent  dairy  score  oards.    N.  Y. 
Agr.  Exp.  Sta.,  Bui.  398,  1915. 
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whidi  18  so  low  as  to  suggest  possible  leakage  in  the  aspirator  con- 
nections and  yet  results  as  low  as  this  were  obtained  under  some 
conditions  in  the  Station  stable.  This  series  of  tests  is  important 
as  it  shows  what  may  be  regarded  as  the  extreme  range  of 
bacterial  counts  in  the  air  of  commercial  dairy  stables. 

Bam  B.  This  was  a  more  recently  constructed  bam  than  Bam  A. 
but  was  not  as  well  kept.  The  39  cows  stabled  here  were  not  brushed 
and  were  covered  with  dust.  Some  had  dried  manure  clinging  to 
their  flanks.  At  the  time  of  the  two  visits  made  during  the  winter 
time  the  floor  was  covered  with  ground  rock  phosphate  which  was 
used  as  an  absorbent.  The  bedding  was  of  straw.  Dry  feed  was 
^v^i  the  cows  after  milking  and  the  air  was  not  noticeably  dusty. 
One  visit  was  made  to  this  bam  in  July  (K.),  one  in  January  (R.) 
and  one  in  March  (R.). 

The  summer  tests  which  were  taken  just  before  and  during  milking 
showed  bacterial  counts  between  31  and  116  per  liter  of  air.  The 
winter  tests  again  showed  a  greater  range  varying  from  14  to  841 
per  liter  of  air.  None  of  these  results  were  markedly  different  from 
those  obtained  in  the  Station  stable. 

Tabia  XVII. —  Analtbss  of  Stablx  Aib  in  Barns  in  the  Nsiqhborhood  of  thb 

ExPEsiiiSNT  Station. 


ToBtNo. 


1 

2 

3 

4 

5 

6 

7 

BmA  8 

9 

la 

11 

12 

13 

14 

15 


July  31, 1914 

July  31, 1914 
July  31, 1914 
July  31, 1914 
July  31, 1914 
Mar.  19, 1915 
Mar.  19, 1915 

Mar.  19, 1915 

Mar.  19, 1915 


Mar. 
Mar. 
Mar. 
Mar. 

Mar. 
Mar. 


19, 1915 
19, 1915 
19, 1915 
19, 1915 
19, 1915 
19, 1915 


Germ 

content 

per  liter 

of  air. 


227 

106 
189 
117 
160 
276 
857 

16,070 

686 

1,100 
563 
677 
404 
4 
163 


Babn  Ofebation  in  Progbxss  at 
Tims  of  Makino  Analtbis. 


Milking.    Cows  eating  dry  hay.    Air 

dusty. 
Same  as  above. 
Same  as  above. 
Same  as  above. 
Same  as  above. 

Before  milking.    Cows  in  bam. 
Before  milking.    Throwing  down  hay 

and  feeding. 
Before  milking.    Throwing  down  hay 

and  feeding. 
Before  milking.    Throwing  down  hay 

and  feeding. 
Milking  (25  minutes  after  test  No.  6). 
Milking. 
Milking. 
Milking. 
Milking. 
Milking. 
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Tabls  XVn  {continued) 


, 

C  i#inii 

Test  No. 

Date. 

content 

per  liter 

of  air. 

Babn  Opuution  in  PnooBflfla  at 
TncB  or  Making  Analtsd. 

1 

July  28, 1914 

69 

Jiiiit  before  milking. 

2 

July  28;  1914 

99 

Milking. 

3 

July  28, 1914 

100 

Milking. 

4 

July  28, 1914 

31 

Milking. 

5 

July  28, 1914 

116 

Milking. 

6 

Jan.  26, 1915 

54 

Bedding  oowB. 

7 

Jan.  26, 1915 

87 

Milking. 

8 

Jan.  26, 1915 

269 

Milking. 

9 

Jan.  26,1915 

67 

Milking. 

10 

Jan.  26, 1915 

86 

Milking. 

Bam  B  11 

Jan.  26, 1915 

746 

Milking. 

12 

Jan.  26,1915 

761 

Milkinc. 

13 

Jan.  26, 1915 

239 

Milking. 

14 

Mar.  17, 1915 

60 

Before  milking. 

16 

Mar.  17, 1915 

14 

Before  milking. 

16 

Mar.  17, 1915 

241 

Milking. 

17 

Mar.  17, 1915 

371 

MilkingT 

18 

Mar.  17, 1916 

630 

Milkini. 

19 

Mar.  17, 1915 

386 

Milking. 

20 

Mar.  17, 1916 

116 

Milking. 

21 

Mar.  17, 1915 

260 

Milking. 

22 

Mar.  17, 1915 
Mar.  17, 1916 

841 
427 

Milking. 

23 

Milking. 

1 

Mar.  18, 1915 

193 

Bam  empty  except  for  ealvee  and 
ohiokens. 

2 

Mar.  18, 1915 

127 

Bam  empty  except  for  caXvts  and 
chickens. 

3 

Mar.  18, 1915 

469 

Bam  empty  except  for  calves  and 
chickens. 

4 

Mar.  18, 1915 

834 

Bedding  stalls. 

5 

Mar.  18, 1915 

3,957 

Cows  in  stable.  Removing  oom  stover. 
Grain  fed. 

8 

Mar.  18, 1915 

2,400 

Milking,  15  minutes  later. 

7 

Mar.  18, 1915 

260 

Milking. 

8 

Mar.  18, 1916 

614 

MUking. 

9 

Mar.  18, 1915 

619 

Milking. 

Bam  CIO 

Mar.  18, 1915 

796 

Milking. 

11 

Mar.  22, 1915 

37 

Bam  empty.  Removing  manure  and 
com  stover. 

12 

Mar.  22, 1915 

61 

Bam  empty.  Removing  manure  and 
com  stover. 

13 

Mar.  18, 1915 

13 

Bam  empty. 

14 

Mar.  22, 1916 

70 

Bedding  with  straw.  Cows  (9)  ooming 
in  born. 

15 

Mar.  22, 1915 

149 

Brushing  off  cows. 

16 

Mar.  22, 1915 

266 

Feeding  grain  to  cowa 

17 

Mar.  22, 1915 

149 

Milking. 

18 

Mar.  22, 1915 

66 

Milking. 

19 

Mar.  22, 1916 

13 

MiUdng. 

20 

Mar.  22, 1915 

167 

Milking. 
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Bam  C.  This  stable  is  one  of  the  most  poorly  constructed  and 
poorly  kept  stables  in  the  vicinity.  It  is  located  in  the  basement 
of  the  bam  and  is  poorly  lighted  by  small  whidows  near  the  ceiling. 
All  of  the  interior  stable  construction  is  of  wood.  That  part  of  the 
floor  under  the  cows  is  of  concrete.  The  rest  of  the  floor  is  dirt 
which  has  become  pulverized  into  a  dry  dust.  At  the  time  the  stable 
was  visited,  the  walls  back  of  the  cows  were  spattered  with  dry 
manure  and  there  was  plenty  of  fresh  manure  about.  Cobwebs 
were  abundant  as  was  also  dust  on  the  ledges.  At  one  visit  the  cows 
were  more  or  less  covered  with  manure. 

In  spite  of  these  unfavorable  conditions,  the  results  of  the  twenty 
analyses  made  in  this  stable  (by  R.)  are  not  extraordinarily  high. 
Except  during  and  immediately  after  such  dusty  operations  as  re- 
moving dry  com  stover  from  the  bam  and  bedding  down  with  straw, 
the  counts  obtained  do  not  show  excessive  numbers  of  bacteria  in 
the  air.  As  in  the  case  of  Bam  A,  the  very  high  numbers  did  not 
persist  for  more  than  a  short  time  after  the  dust-producing  bam  oper- 
ation ceased.  The  first  ten  analyses  were  made  in  front  of  the  cows 
not  more  than  two  feet  away  from  the  greatest  source  of  the  dust 
while  the  last  ten  analyses  were  made  just  behind  the  cows  at  least 
fifteen  feet  from  the  greatest  source  of  the  dust.  The  highest  counts 
obtained  (3,957  and  2,400  per  liter  of  air)  represent  conditions  simi- 
lar to  those  obtained  by  stirring  up  a  dust  in  the  loft  of  Station 
stable  while  the  remainder  of  the  counts  (18  out  of  the  20  made) 
were  as  low  as  those  made  in  the  Statioii  stable. 

The  most  important  conclusion  which  can  be  drawn  from  these 
three  series  of  analyses  is  that  the  air  of  ordinary  cow  stables  is 
partically  as  free  from  bacteria  as  is  the  air  of  the  Station  stable 
und^  normal  conditions.  Under  special  circumstances,  none  of 
which  extend  over  long  periods  of  time,  the  number  of  bacteria 
increases  to  a  point  where  they  become  a  measurable  source  of 
contamination  to  the  milk  produced  in  the  stable. 

CONCLUSIONS. 
It  has  been  shown  in  the  preceding  pages  that  the  number  of  bac- 
teria found  in  the  air  of  the  Station  stable  during  such  bam  operations 
as  miUdng,  feeding  hay,  grain  and  the  like  usually  varies  between 
SO  and  200  per  liter  of  air.  Occasionally  much  lower  results  were 
secured  and  also  a  few  much  higher,  the  highest  being  825  per  liter. 
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When  sterile  water  was  "  milked  "  in  the  Station  stable  from  an 
apparatus  especially  designed  for  the  purpose,  the  germ  content 
of  the  liquid  was  found  to  average  12  per  cubic  centimeter  with  a 
maximum  of  73  and  a  usual  range  of  5  to  15  per  cubic  centimeter. 

In  order  to  get  a  much  higher  germ  content  in  the  air  than  occurred 
in  the  air  of  the  Station  stable  even  under  the  worst  of  the  normal 
conditions,  a  large  number  of  tests  were  made  in  the  stable  loft. 
Here  it  was  easily  possible,  by  sweeping  up  debris  fn»n  the  floor, 
to  secure  dusty  conditions  which  were  as  bad  as  the  worst  possible 
conditions  obtainable  in  commercial  dairies.  Whoi  a  heavy  dust 
was  raised  at  the  b^inning  of  each  test,  the  germ  content  of  the  air 
was  usually  between  1,000  and  2,000  per  Uter,  with  an  average  of 
2,068,  a  minimum  of  329  and  a  maximum  of  5,200  per  liter.  When 
the  dust  was  maintained  continuously  throughout  the  test,  the  num- 
bers obtained  in  the  completely  satisfactory  determinations  averaged 
9,575  bacteria  per  liter  of  air,  with  a  minimum  of  960,  a  maximum  of 
28,200,  and  a  usual  range  from  2,500  to  10,000  per  liter. 

Sterile  water  ''  milked  "  under  these  extremely  dusty  conditions 
gave  an  average  germ  content  of  47.6  per  cubic  centimeter  when  the 
dust  was  raised  but  once,  the  highest  number  being  133,  and  the 
usual  range  between  30  and  100  per  cubic  centimeter.  When  the 
heav}''  dust  was  maintained  continuously,  the  average  germ  content 
of  the  water ''  milked  "  was  604  per  cubic  c^itimeter,  with  a  minumum 
of  69,  a  maximum  of  1,430  and  a  usual  range  of  300  to  1,000  per  cubic 
centimeter. 

In  three  conmiercial  stables  in  the  vicinity  of  the  Station,  58  analy- 
ses gave  only  seven  results  in  which  the  germ  content  of  the  air  was 
greater  than  the  highest  count  (825  per  Uter)  obtained  in  the  Station 
stable  and  of  these  seven  only  four  were  decidedly  higher  than  this 
figure.  Milking  under  the  worst  of  these  conditions  would,  as  shown 
by  the  work  done  where  an  artificial  dust  was  raised,  have  added  from 
100  to  1,000  or  more  bacteria  per  cubic  centimeter  to  the  milk.  On 
the  other  hand,  under  the  conditions  usually  found  in  these  stables 
the  number  of  bacteria  added  to  milk  drawn  would  have  been  so 
few  as  to  be  undetectable  by  known  methods  of  analyses. 

If  the  results  secured  by  Winslow  and  Browne,"  who  have  found 
that  the  average  number  of  bacteria  per  cubic  foot  (about  28  liters) 

17  Winidow,  G.-E.  A.  and  Browne,  W.  W.    The  microbic  eaateat  of  indoor  and 
outdoor  air.    MonMy  Weaiher  Bmew,  42: 402-48^,  19U, 
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of  country  air  was  56,  for  city  street  air  72,  for  offices  94,  for  fadxmes 
113  and  for  schools  06,  are  compared  with  the  results  which  have 
just  been  given  for  cow  stables  it  will  be  seen  that  the  latter  are 
relatively  greater.  This  is  to  be  expected,  as  relatively  dusty  bam 
operations  such  as  feeding  hay,  grain  and  the  like  must  be  carried 
out  several  times  daily  in  every  cow  stable. 

Other  possible  sources  of  contamination,  such  as  the  interior  of 
the  udder,  the  cow's  body,  the  milkers'  hands  and  clothes,  and  the 
ocHidition  of  the  utensils,  must  be  kept  in  mind  in  interpreting  the 
importance  of  the  air  as  a  source  of  milk  contamination.  Accurate 
data  showing  the  relative  values  of  each  of  these  sources  of  contam- 
ination is  not  yet  at  hand.  Harding  and  Wilson'*  report  that 
an  average  of  500  bacteria  per  cubic  centimeter  may  be  expected 
in  all  milk  as  drawn  from  the  udder.  More  recently,  Prucha,  Hard- 
ing and  Weeter'*  report  that  they  find  that  an  average  of  67,077 
bacteria  per  cubic  centimeter  are  added  to  milk  by  washed  but  unster- 
ilized  milk  pails.  Under  normal  bam  conditions,  the  air  contaminar 
tion  is  even  less  than  is  that  from  the  udder  and  both  are  small  in 
comparison  with  that  from  unsterilized  milk  pails. 

In  addition  to  the  data  showing  the  amount  of  contamination 
from  the  air  in  freshly  drawn  milk,  data  has  also  been  secured  which 
shows  the  effect  of  exposing  a  pail  of  milk  to  the  stable  air.  The  data 
was  secured  partly  by  experiment  and  partly  by  calculation  from  the 
experimental  data.  Under  the  conditions  obtaining  in  the  Station 
stable,  it  was  found  that  an  average  of  55  colonies  developed  from  the 
bacteria  which  fell  on  a  square  centimeter  area  when  dry  chopped 
hay  was  fed,  71  per  square  centimeter  when  dry  grain  was  being  fed 
and  114  per  square  centimeter  when  milking  was  in  progress.  When 
the  effect  of  leaving  five  liters  (about  five  quarts)  of  milk  stand- 
ing in  an  open  12-inch  pail  in  the  open  stable  for  one  hour  was 
calculated  from  this  data,  it  was  found  that  the  numbers  of  bacteria 
ifriiich  would  be  added  would  be  96,  124  and  199  per  cubic  centimeter 
under  the  above  conditions.  This  increase  is  so  small  that  it  would 
not  be  detectable  in  ordinary  milk  by  known  methods  of  anal3rsis. 

Since  the  condition  of  the  bam  air  in  the  commercial  dairies  was 

**  See  footnote  1,  fourth  lefetenoe. 

••  Prucha,  M.  J.,  Harding,  H.  A.,  and  Wester,  H.  M.  Utensib  as  a  souroe  of  bac- 
terial contamination  of  milk.  A  paper  read  at  the  Phila.  Meeting  of  the  Soc.  Amer. 
Baet,  Dec.  1914.    Science,  N.S.,  42: 353, 191& 
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found  to  be  siimlar  to  tliat  of  the  Station  stable  under  noimal  con- 
ditions, it  is  probable  that  no  greater  contaminations  than  those 
just  noted  occur  normally  in  such  dairies. 

A  few  analyses  indicate  however  that  conditions  are  bad  enou^ 
at  times  to  produce  measurable  contaminations  in  the  milk  ev&k 
if  this  is  exposed  for  a  short  time  only. 

In  drawing  up  rules  for  the  production  of  sanitary  milk,  much 
emphasis  has  been  placed  upon  practices  designed  to  control  the 
amount  of  dust.  This  has  been  done  because  it  has  been  Mt  that 
large  numbers  of  bacteria  were  added  to  the  milk  in  this  way.  The 
data  here  presented  show  for  the  first  time  how  great  this  contami- 
nation is.  In  no  case  have  preconceived  ideas  r^arding  the  effect 
of  certain  factors  on  the  production  of  clean  milk  so  overruled  the 
results  of  actual  observation  as  in  this  case.  Dairymen  and  sani- 
tarians who  have  been  interested  in  the  production  of  clean  milk 
have  been  as  badly  misled  as  have  surgeons  and  physicians.  This 
was  but  natural  because  of  the  way  in  which  our  knowledge  of  air 
bacteria  has  developed.  Bacteria  do  occur  in  the  air  of  cow  stables 
in  relatively  larger  numbers  than  they  do  in  the  air  of  many  other 
places.  Occasionally  under  exceptionally  dusty  c(mditions,  the 
numbers  of  bacteria  getting  into  the  milk  from  the  air  may  be  approx- 
imately as  high  as  the  numbers  derived  from  the  udder,  but  the  num- 
ber so  derived  under  ordinary  conditions  does  not  increase  the  germ 
content  of  the  milk  to  any  important  extent. 


THE  PASTEURIZATION  OF  DAIRY 

BY-PRODUCTS.* 

W.  D.  DOTTERBER  and  ROBERT  8.  BREED. 

In  oo-operation  with  the 

HEW  YORK  8TATB  COMMISSION  FOR  THE  INVESnOATION  OP 

BOVINB  TUBERCULOSIS 

Thbobaia  Suns,  Chairman.       Limblt  R.  Willumb,  Secretary. 

SUMMARY. 

1.  Visils  w«re  made  in  the  course  of  fliis  inyestigation  to  seven 
dieddar  cheese  factories  and  to  two  sMmming  stations  at  which 
pssteurization  of  whey  or  skhn  milk  was  being  carried  out  Accord'- 
ing  to  the  19x5  list  there  are  about  950  cheese  factories  in  the  State. 
Of  fliese,  55  are  known  to  be  pasteurizing  whey.  Thirty-one 
of  these  factories  make  Cheddar,  13  make  swiss,  9  make  limburg 
and  a  make  brick  cheese. 

2.  At  but  one  of  the  cheese  factories  virited  were  the  temperatures 
used  in  pasteurization  high  enouj^  to  meet  the  lowest  requirement 
(178^  F.)  usually  qiedfied  by  law.  At  this  factory  the  tenlperature 
used  only  occasionally  reached  fliis  figure.  All  but  two  factories, 
however,  were  using  temperatures  which  would  meet  the  require- 
ments of  the  Michigan  law  (145^  F.  for  30  minutes).  The  two 
bctories  iriiidi  used  lower  temperatures  than  fliis  were  also  losing 
part  of  the  value  of  the  pasteurization  by  adding  separator  slop  or 
water  after  the  temperature  was  so  low  as  to  be  ineffective  in  kill- 
ing bacteria.  One  other  factory  followed  this  same  practice  so 
ttat  the  pasteurization  which  would  have  otherwise  been  effective 
was  rendered  unsatisfactory.  The  four  factories  which  were 
securing  satisfaictory  results  were  all  pasteurizing  by  means  of  a 
steam  line  running  into  the  whey  tank. 

3.  It  was  found  that  the  process  of  heating  the  whey  aided  in 
preset  vlug  the  whey  in  good  condition  for  feeding  until  it  was  con- 
veoient  to  use  it  This  was  due  to  the  fact  fliat  the  fat  did  not 
rise  as  qnicfcly  nor  as  completely  on  the  heated  as  on  the  unheated 
vhey,  flius  preventing  the  f onnation  of  an  undesirable  scum  of  fat 
on  the  ^ey  tank.  The  heating  also  killed  all  of  the  otganisms 
which  <ndinarily  cause  fermentations  hi  the  vdiey  with  fbe  excep- 
tion of  BaeiUu9  hulgarieu9  an  organism  which  causes  a  lactic 

*  A  reprmt  of  Bulletin  No.  412,  December,  1916. 
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acid  f ennentatioiL  The  growth  of  this  oiigaiiism  was  retarded  tyy 
ttie  heating  so  that  ttie  heated  whey  as  deliyered  to  the  farmers 
had  an  acidity  of  about  4  per  ct  while  the  unheated  whey  liad  an 
acidity  of  about  i.i  per  ct 

4.  The  pasteurized  whey  was  found  to  be  free  from  yeasts  and 
to  undergo  a  practically  pure  lactic  add  fermentation  due  to  B.  fra/- 
garicuMm  On  two  successive  days  at  one  cheese  factory,  the  same 
organism  was  also  found  to  be  the  predominant  organism  in  fhe 
making  vat  instead  of  the  more  common  Bacterium  laetis 
acidu 

5.  The  use  of  direct  steam  and  the  combination  of  direct  steam 
and  jetting  were  found  to  be  the  best  methods  of  pasteurizing 
whey.  These  can  be  operated  at  a  suflSciently  low  cost  to  make 
the  process  of  pasteurization  a  highly  desirable  one  for  all  parties 
concerned.  Double  jetting  without  supplementary  heating  is  not 
satisfactory  because  the  temperatures  reached  are  not  as  high  as 
fliey  shotdd  be.  This  method  has  one  advantage,  however,  in 
that  a  careless  or  unreliable  cheese  maker  can  not  escape  using 
the  jet  pumps  widle  such  a  man  may  be  tempted  to  shut  off  steam 
more  quickly  than  he  should  where  direct  steam  is  used. 

6.  In  the  course  of  this  investigation  40  butter  factories  and 
skimming  stations  were  found  which  pasteurize  skim  milk.  This 
number  does  not  include  all  that  follow  the  practice.  The  best 
procedure  is  to  return  the  sldm  milk  to  the  patrons'  cans  at  a  tem- 
perature high  enough  to  remain  above  145''  F.  for  30  minutes. 
This  pasteurizes  the  milk  in  the  final  container  and  increases  the 
keeping  qualities  of  the  skim  milk. 

INTRODUCTION. 

In  1914,  the  New  York  State  Commission  for  the  Investigation  of 
Bovine  Tuberculosis  recommended  the  passage  of  a  law  compelling 
the  pasteurization  of  dairy  by-products  before  their  return  to  patrons 
of  creameries  and  cheese  factories  for  feeding  purposes.^  The  law 
was  not  passed  because  of  opposition  which  was  largely  due  to  lack 
of  information  concerning  the  effects  and  methods  of  pasteurization 
and  its  cost.  For  the  purpose  of  securing  infcmnation  on  these 
points,  this  investigation  was  undertaken  by  the  Station  at  the 
request  of  the  Commission. 


^  Report  of  the  CommisBion  for  the  Investigation  of  Bovine  Tuberculosis.    Pub- 
lished by  the  State  of  New  York,  March,  1915. 
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STATEMENT  OF  THE  PROBLEM. 

Aocoiding  to  the  1915  list '  of  butter  and  cheese  factories  m  New 
York  State,  there  are  716  cheese  factories,  234  factories  making 
botii  butter  and  cheese,  290  butter  factories  and  29  wlnmming  sta- 
tions in  the  State.  Nearly  all  of  the  factories  which  make  cheese 
return  the  whey  to  their  patrons  for  feeding  purposes.  The  skim 
milk  is  not  so  generally  returned  from  the  butter  factories  and  skim- 
ming stations,  as  it  is  frequently  used  in  making  casein,  milk  powder 
and  cottage  cheese  or  utilized  in  other  ways.  The  common  use  of 
whey  and  skim  milk  for  feeding  calves  and  pigs  makes  it  very  impor- 
tant to  the  farmer  that  they  be  returned  to  him  from  the  factory  in 
the  most  suitable  condition  for  feeding  and  in  such  condition  that 
they  will  not  cause  the  spread  of  tuberculosis,  foot-and-mouth  disease 
or  other  like  troubles  through  his  herd. 

In  the  course  of  the  investigation,  55  cheese  factories  (31  cheddar, 
13  Swiss,  9  limburg,  2  brick)  and  40  butter  factories  or  skimming 
stations  have  been  found  which  pasteurize  the  whey  or  skim  milk 
returned  to  their  patrons.  Nearly  all  of  this  pasteurization  has 
been  started  within  the  past  few  years.  In  every  case  where  definite 
information  was  secured,  both  the  factory  owners  and  farmers  were 
wen  pleased  with  the  results  and  would  not  give  up  the  practice. 
The  introduction  of  the  process  of  pasteurization  at  cheese  factories 
lias  been  coincident  in  many  cases  with  the  introduction  of  the 
making  of  whey  butter.  The  adoption  of  either  or  both  of  these 
processes  at  a  cheese  factory  is  usually  a  good  indication  of  progres- 
siveness  on  the  part  of  cheese  maker  or  dairy  farmers  or  both. 

PLAN  AND  EXTENT  OF  THE  WORK. 

The  available  information  on  the  subject  of  the  pasteurization 
of  dairy  by-products  has  been  collected  in  the  course  of  the  investi- 
gation and  wiU  be  discussed  later  so  far  as  it  applies  to  New  York 
State  conditions.  The  field  work  undertaken  was  planned  in  order 
to  study  the  effect  of  pasteurization  on  the  whey  and  skim  milk, 
the  efficiency  of  the  present  methods  of  pasteurization,  and  the  best 
methods  of  pasteurization. 

Daring  the  course  of  the  work  samples  were  collected  from  seven 
cheese  factories  and  two  skimming  stations,  before,  during  and  after 
pasteurization.    These  samples  w^re  iced  and  shipped  to  the  labora- 

'IM  of  Butter  and  Cheese  Factories,  Milk  Stations  and  Condensing  Plants  in 
New  York  State.    Dept  Agri.  N.  Y.  State,  Bui.  60,  pp.  1141-1205.    1915. 
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tory  at  Geneva,  reaching  the  laboratory  in  10  to  20  hours,  or  were 
plated  at  the  factory.  The  number  of  bacteria  per  cubic  centimeter 
was  determined  as  accurately  as  possible  by  the  present  methods  of 
bacteriological  analysis.  The  medium  used  in  plating  was  the  plain 
agar  recommended  by  the  Committee  on  Standard  Methods  for 
Bacterial  Milk  Analysis '  and  the  plates  were  incubated  for  five  days 
at  21^  C.  and  counted.  After  this  they  were  incubated  for  two 
additional  days  at  37^  C.  and  recounted,  a  procedure  which  proved 
to  have  great  value,  as  there  were  numerous  organisms  present  which 
failed  to  appear  on  the  plates  at  the  end  of  five  da3rs.  All  samples 
were  plated  in  several  dilutions  and  no  count  is  given  which  is  not 
the  average  of  at  least  two  satisfactory  plates,  and  few  counts  were 
averaged  from  as  small  a  number  of  plates  as  this.  All  counts  given 
in  the  tables  are  for  one  cubic  centimeter  of  material.  The  larger 
part  of  the  plating  was  done  by  Mr.  G.  L.  A.  Ruehle,  to  whom  the 
thanks  of  the  authors  are  due. 

By  means  of  these  plate  counts,  the  relative  efficiency  of  the  various 
methods  of  pasteurization  was  found.  Records  of  the  temperature 
used  .in  pasteurization  were  also  taken  at  the  same  time  as  the 
samples  and  a  recording  thermometer  was  installed  for  5  days  at 
one  cheese  factory  using  a  double-jetting  system  of  pasteurization 
and  for  41  da3rs  at  another  using  the  method  of  direct  steaming  in 
the  whey  tank.  These  temperature  records  proved  of  value  for  they 
were  easily  secured  and  the  record  of  the  temperature  used  was 
sufficient  to  show  the  general  efficiency  of  the  pasteurization. 

METHODS  OF  PASTEURIZING  WHEY  AND  SKIM  MILK 

IN  USE. 

In  the  ordinary  cheese  factory,  the  whey  is  run  from  the  making 
vat  to  a  tank  where  it  remains  until  the  next  morning  when  it  is  taken 
away  by  the  patrons.  This  gives  an  opportunity  for  the  use  of  several 
methods  of  pasteurization.  One  method  in  use  is  to  run  a  steam 
pipe  directly  into  the  whey  tank  through  which  steam  is  admitted, 
thus  heating  the  whey  to  the  required  temperature.  Several  different 
arrangements  of  piping  have  been  recommended  for  this  purpose.^ 

'  Gommittee  on  Standard  Methods  for  Bacterial  Milk  AsaiyaeB,  Report    Anur, 
Jaw.  Pvb.  Health,  5:64.    1916. 

*  Herns,  Frank  and  Publow,  G.  G.    Notes  on  cheddar  dieeee-making.    Ont.  Dmt 
Agri.,  Dairy  Branch,  Bui.  183,  pp.  19,  6  Bm.    1910. 

Farrington,  E.  H.,  and  Hastings,  E.  G.  The  pasteurisation  and  the  inspection 
of  creamery  and  cheese  factory  by-firoductB.  Wis.  Agr.  Exp.  Sta.,  BuL  148,  pp.  17, 
3  figs.    1907. 


Nbw  Yobk  Agricultural  Experhibnt  Station.        211 

Same  factories  were  found  which  subjected  the  wh^  to  a  preliminary 
heating  by  using  a  jet  pump  to  deliver  the  whey  to  the  storage  tank 
wliere  the  whey  was  heated  to  a  pasteurising  temperature  by  direct 
steam. 

Mudi  confusion  has  arisai  in  the  statements  made  concerning  the 
amount  of  water  added  to  the  whey  or  skim  milk  by  this  procedure 
because  of  the  inaccurate  statement  made  on  page  6  of  the  Pennsyl* 
vania  circular*  giving  data  on  the  pasteurization  of  skimmed  milk. 
At  this  place  it  is  stated  that  the  data  obtained  show  that  7/l0  of 
1  pear  ct.  of  water  is  added  to  the  skim  milk.  However,  the  data 
ffvea  in  the  same  circular  show  that  the  statement  intended  was 
probably  that  the  percentage  of  waUr  in  the  milk  was  increased  7/ 10 
cf  1  per  d.  which  is  quite  a  different  matter.  In  order  to  increase 
the  percentage  of^  water  in  skim  milk  7/10  of  1  per  ct.,  that  is,  from 
approziinately  90.4  to  91.1  per  ct.  water,  it  is  necessary  to  add 
8  lbs.  of  water  to  each  100  lbs.  of  milk.* 

If  this  is  the  true  explanation  of  the  matter,  then  the  Pennsyl- 
vania results  are  very  similar  to  those  found  at  Wisconsin^  and  the 
apparent  wide  discrepancy  disappears.  There  is  no  real  objection 
to  the  addition  of  this  small  quantity  of  water  although  it  does  reduce 
the  percentage  of  solids  in  the  whey  or  skim  milk  by  the  small  amount 
indicated.  The  patrons  are  satisfied,  as  they  demand  quantity  rather 
than  quality  in  most  cases. 

A  second  method  of  pasteurization  in  use,  especially  at  factories 
where  the  butter  fat  is  removed  from  the  whey  with  a  separator  is 
a  double-jetting  system.  The  whey  is  raised  from  the  making 
vat  to  an  elevated  tank  by  means  of  a  steam  jet  pump,  a  process 
which  raises  the  temperature  of  the  whey  16°  to  29°  F.  (average 
23.5^.  The  second  jetting  after  the  separation  of  the  cream  raises 
the  temperature  about  17°  more.  Since  the  initial  temperature  of 
the  raw  whey  is  usually  between  98  and  102  (average  99),  the  final 

*ManliaIl,  C.  J.,  and  Ridge,  W.  H.    Pasteurisation  of  skimmed  milk.    Ptenn. 
State  livestock  Sanitary  Board,  Cir.  31,  pp.  9,  1914. 
*  Let  X  =-  number  of  lbs.  of  diluted  milk 
Then  .911x  =  nwnber  oi  lbs.  water  in  dilated  milk 
But  lbs.  water  in  diluted  milk  =  90.4  +  (x  — 100)  =  x  —  9.6 
Henoe  x  — 9.d  =  .911x 
X  — .911x  =  9.6 
.069x  =  9.6 
9.6 

x== =  107.8  + 

.069 
or  about  8  lbs.  water  added  to  eaeh  100  Um.  miBL 
*  See  footnote  4,  second  reference. 
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average  temperature  of  the  whey  in  the  storage  tank  is  about  139^ 
F.  This  final  temperature  does  not  represent  the  highest  temperature 
reached,  for,  during  the  passage  through  the  second  jet  pump,  the 
whey  is  heated  to  150®  or  even  160®  F.,  cooling  down  to  the  final 
temperature  in  its  passage  through  the  pipes  into  the  storage  tank. 
At  one  factory,  the  arrangement  of  equipment  is  such  that  when  the 
jet  pump  faUs,  as  it  did  on  one  occasion,  the  whey  is  run  into  the 
storage  tank  by  gravity.  In  such  cases  the  whey  is  not  pasteurized 
unless  some  supplementary  method  of  heating  is  at  hand. 

A  third  method  of  whey  pasteurization  was  found  at  one  factory 
where  a  Victor  pasteurizer  was  in  use.  The  condensed  steam  is 
added  to  the  whey  in  this  case  as  in  the  methods  just  described. 
The  temperatures  were  easily  regulated.  A  simpler  device  which  is 
similar  in  principle  is  recommended  by  the  Pennsylvania  State 
Livestock  and  Sanitary  Board.^  Both  of  these  are  suitable  for 
skim  milk  pasteurization  as  well  as  for  whey  pasteurization. 

One  skimming  station  visited  was  using  a  Reid  flash  pasteurizer 
and  another  a  Wizard  holding  pasteurizer  for  heating  skim  milk. 
Other  flash  or  holding  pasteurizers  are  equally  satisfactory  if  operated 
at  a  sufficiently  high  temperature.  However,  the  use  of  these  more 
expensive  pasteurizers  increases  the  cost  of  pasteurization  with 
little  if  any  increased  efficiency.  Exhaust  steam  can  be  used  for 
heating  where  available  in  sufficient  quantity. 

EFFECTS  OF  PASTEURIZATION. 

A.    ON  FEEDING  VALUE 

The  effect  of  pasteurization  on  whey  is  more  evident  to  the 
ordinary  observer  at  factories  where  the  whey  is  not  skimmed.  In 
case  the  whey  is  neither  skimmed  nor  pasteurized,  the  fat  in  the  whey 
rises  forming  a  dirty,  greasy  scum  on  the  surface  of  the  storage  tank. 
Where  the  whey  is  pumped  out  from  the  bottom  of  the  tank,  this 
greasy  scum  remains  in  the  tank  from  day  to  day  growing  larger  in 
quantity  and  worse  in  foulness.  Occasionally  some  gets  into  patrons' 
cans,  making  them  difficult  to  clean  and  usually  resulting  in  con- 
taminating the  milk  brought  to  the  factory.  In  many  cases,  clean- 
ing of  the  storage  tank  is  neglected  or  never  done.  The  final  result 
is  the  loss  of  the  greater  part  of  the  butter  fat  and  the  foulest  kind 
of  sour  swill  for  feeding.    In  those  cases  where  the  whey  is  drained 

7  MarahaU,  C.  J.    Pasteurising  device  for  use  in  a  creamery.    Penn.  State  live- 
stock Sanitary  Board,  Cir.  28,  pp.  4,  1  fig.    1914. 


New  York  Agbi  cultural  Experiment  Station.         213 

oat  of  the  vat  by  a  faucet,  the  last  patron  to  get  his  whey  usuaUy 
gets  the  bulk  of  the  fat.  This  prevents  the  accumulation  of  the 
scum  referred  to  above  but  the  milk  cans  are  fouled  with  the  greasy 
mass  which  is  richly  seeded  with  undesirable  bacteria  and  yeasts. 
Pasteurization  of  the  whey  retttrds  the  rising  of  the  butter  fat.  Thus 
it  lemains  equally  distributed  throughout  and  each  patron  receives 
his  due  share  and  in  such  form  that  it  does  not  foul  his  milk  cans. 

It  has  been  found*  that  155^  F.  is  the  average  temperature  to  which 
whey  can  be  heated  without  coagulating  the  albumin.  When 
the  albumin  is  coagulated  it  may  settle  or  it  may  rise  to  the  top  of 
the  tank  and  require  stirring  to  get  it  distributed  evenly.  However, 
it  never  tends  to  accumulate  in  the  tank  in  the  way  in  which  the  fat 
accumulates  in  tanks  containing  unpasteurized  whey  so  that  it  is  all 
returned  to  the  farmers  and  is  of  value  for  feeding  purposes.  It 
makes  but  .7  per  ct.  of  the  whey  and  is  less  important  as  a  food 
than  is  the  milk  sugar  present. 

The  Ontario  Department  of  Agriculture  reports'  as  the  result  of 
a  series  of  experiments  that  unskimmed  whey  is  25  to  33  per  ct. 
better  for  feeding  purposes  than  skimmed  whey.  Since  improperly 
handled  unpasteurized  whey  is  practically  skimmed  whey,  the 
patrons  lose  this  value  which  would  be  saved  to  them  if  the  whey 
were  pasteurized. 

The  skimming  of  the  whey  eliminates  these  troubles  and  adds  to 
the  patrons'  income  by  the  sale  of  the  whey  butter  or  cream.  The 
loss  to  the  patron  in  the  feeding  value  of  the  whey  is  little  more 
than  it  is  in  those  cases  where  the  fat  is  allowed  to  waste  by  rising 
to  the  top  of  the  tank.  The  practice  of  making  whey  butter  is 
spreading  and  is  to  be  commended.^® 

Where  unheated  whey  is  not  fed  at  once  after  being  drawn  from 
the  making  vat,  some  of  its  feeding  value  is  lost  through  the  fer- 
mentations which  take  place  in   it.    Previous  investigations^^  as 

*  Page  15.  Herns,  Frank.  The  paBteurisation  of  cheese  factory  whey.  Kept  Srd 
Dommion  Conference  Dairy  Ezperte,  pp.  13-18.  1911.  Published  by  Dept.  Agr. 
Canada^  Ottawa. 

*  Day,  G.  E.  Comparison  of  various  dairy  by-products  as  foods  for  swine.  34th 
Ann.  Repi.  Oni.  Agr.  Col.  and  Exp.  Farm,  pp.  147-148.  1909.  Idem.,  3&ih  Ann. 
Kept,  pp.  141-145.    1910. 

u  Farnngton,  E.  H.  The  manufacture  of  whey  butter  at  swisB  cheese  factories. 
Wis.  Agr.  Exp.  Sta.,  Bui.  132,  pp.  32,  17  figs.    1905. 

Doane,C.F.  TVWhutter.  U.  S.  Dept.  Agr.,  Bur.  An.  Ind.,  Cir.  161,  pp.  7.    1910. 
Sammis,  J.  L.  Making  whey  butter  at  cheddar  cheese  factories.    Wis.  Agr.  Exp. 
8ta.,  Bui.  246,  pp.  24,  5  figs.   1915. 
^  Page  7  in  first  reference  given  in  footnote  4. 
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well  as  our  own  have  shown  that  about  one-fifth  of  the  milk  sugar 
is  thus  changed  to  acid  where  the  whey  is  kept  over  night  at  the 
factory  before  being  returned  to  the  patrons.  Alcoholic  and  other 
fermentations  may  also  occur,  all  of  which  tend  to  decrease  the 
food  value  of  the  whey.  The  effect  *of  heating  the  whey  is  to  stop 
practically  all  of  these  fermentations  except  the  lactic-acid  fennen- 
tation  and  this  is  greatly  retarded.  It  has  been  found  in  the  present 
investigation  that  the  lactic-acid  fermentation  of  both  the  heated 
and  the  unheated  whey  is  due  to  BaciUus  bvlgaricuSj  an  organism 
generally  regarded  as  beneficial  in  its  effect  on  digestive  processes. 

Very  few  studies  have  been  made  to  show  the  best  method  of 
handling  pasteurized  skim  milk.  The  practice  of  cooling  the  skim 
milk  and  returning  it  in  that  condition  may  be  very  unsatisfactory 
as  has  already  been  pointed  out^  because  of  the  fact  that  the  skim 
milk  is  commonly  put  into  unsterilized  cans  which  seed  the  milk 
heavily  with  bacteria  and  so  cause  it  to  sour  quickly.  The  best 
results  are  obtained  when  the  milk  is  run  into  the  farmers'  cans  at 
a  temperature  high  enough  so  that  the  milk  remains  hotter  than 
145^  F.  for  30  minutes.  In  this  way  most  of  the  bacteria  which  have 
entered  the  milk  after  the  original  heating,  from  contaminated  pipes, 
pmnps,  cans  and  the  like,  are  killed.  If  such  milk  is  cooled  by  the 
farmer  on  his  return  to  the  farm,  it  should  renuun  sweet  longer  than 
24  hours. 

If  the  milk  is  delivered  warm  to  the  farmers  but  at  a  temperature 
lower  than  that  mentioned  above,  the  conditions  then  become  very 
favorable  for  the  growth  of  the  bacteria  with  which  the  milk  has  been 
infected  and  it  may  sour  within  a  few  hours. 

Feeding  experiments  with  pasteurized  skim  milk  have  been  carried 
out  at  the  Ontario  and  Kansas^'  stations.  In  general  these  show 
little  change  in  feeding  value  by  the  pasteurization,  but  such  advan- 
tage as  there  is,  is  in  favor  of  the  pasteurized  skim  milk. 

B.   ON   THE   SPREAD    OF  DISEASE. 

There  are  many  records  which  show  without  question  that  bovine 
tuberculosis  may  be  and  is  spread  by  the  indiscriminate  feeding  of 


"Page  9  in  seoond  reference  given  in  footnote  4.  Alao    Fanington,   E.   H. 
PastejiriMtfon  of  skim  milk.  Wis.  Agr.  Exp.  Sta.,  Idth  Ann.  Kept.,  pp.  121-128.  1899. 

"  CottroU,  H.  M.,  Otis,  D.  H.,  and  Hanly,  J.  G.    arim  uaXk  calves.    Kan.  Agr. 
Exp.  Sta.,  Bui.  97,  pp.  16.    1900. 

Dean,  H.  H.    Pasteuriied  vs.  raw  skim  milk  for  calvea.    25th  Ann.  Bept.  Ont. 
Agr.  Cd.  and  Exp.  Farm,  pp.  67.  1900.  ^^ 
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nnpasteuiused  dairy  by-products.  Thus  the  Wisoonsin  Station  has 
published  ^^  an  account  of  a  very  striking  instance  of  the  sort.  In 
the  course  of  the  work  of  testing  cattle,  they  found  that  a  very  large 
percentage  of  the  animals  in  the  region  of  two  creameries  reacted 
to  the  tuberculin  test.  A  comparison  was  therefore  made  with  the 
surrounding  districts  with  the  following  result:  In  the  Medina  and 
Oak  Park  districts,  1213  cattle  were  tested  of  which  374  or  about 
30  per  ct.  reacted.  Of  the  reacting  animals  323  were  killed  under 
federal  inspection  and  184  or  57  per  ct.  were  condemned,  whUe  of 
73  animals  killed  and  inspected  from  the  surrounding  districts,  25  or 
about  33  per  ct.  were  condenmed.  Thus  there  was  not  only  evidence 
that  some  agent  was  operative  in  spreading  the  disease  in  the 
MedinsrOak  Park  District  which  was  not  operative  in  the  other 
districts  but  there  was  also  evidence  of  a  more  severe  infection  in 
lUs  district.  A  few  of  the  tubercular  animals  may  have  been  brought 
into  the  district  by  purchase,  but  the  majority  of  the  infected  animals 
were  known  to  have  been  raised  on  the  farms.  Only  an  infected  skim- 
milk  supply  could  account  for  such  conditions. 

Ostertag  reports"^  that  in  advanced  udder  tuberculosis,  the 
secretions  from  the  infected  quarters  may  be  virulent  in  a  dilution 
of  one  to  one  billion.  Cows  with  infected  quarters  are  occasionally 
present  in  every  dairy  district  and  the  admixture  of  their  milk  with 
good  milk  at  a  cheese  factory  infects  the  whole.  Two  recent  pub- 
lications^* report  the  presence  of  virulent  tubercle  bacilli  in  fresh 
unpasteurized  whey. 

Within  the  past  two  years,  a  very  strong  argument  for  the  com- 
pulsory pasteurisation  of  all  dairy  by-products  has  been  presented 
by  the  spread  of  foot-and-mouth  disease  throughout  many  dairy 
sections.  In  some  instances  ^^  the  conditions  surrounding  outbreaks 
have  indicated  very  clearly  that  the  return  of  unpasteurized  skim 
milk  has  spread  this  infection. 

"Rondl,  H.  L.  Tbe  spread  of  tuberculosis  through  factory  skim  milk  with 
Bonostioiis  as  to  its  control.    Wis.  Agr.  Exp.  8ta.,  Bui.  143,  pp.  28.   1907. 

*  Page  8.  Ostertag,  Robert  von.  Die  Bek&mpfung  der  Tuberculose  des  Rindes. 
Xn  +  591  pp^  88  figs.    Berlin:  1913. 

*Barthel,  Qir.  and  StenstrOm,  O.  Untersuchungen  Qbar  die  Widerstandkraft 
der  Tnberelebaiillen  gegen  Ekhitiung  in  MoUcen.  ZUdir.  Fleuch-u.  MUchhyg,^  aad37- 
lfi,17ft.l87.    1912. 

Boni,  R.  and  Geitinger,  Hans.  Die  Gef ahr  der  Ausbreitung  der  Tuberculoee  unten 
den  Sehweinen  infolge  der  Verftkttening  nicht  erhitster  Zentrifugenmolke  MMw>, 
ZenOi,,  44: 305-309,  1915. 

"  Raw  dammed  milk.    WeMy  Neum  LeUer,  U.  S.  Dept  Agr.,  2:6.    May  19, 1915. 
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For  these  reasons  pasteurization  is  being  advocated  in  many  places 
and  several  states  have  passed  laws  compelling  the  pasteurization 
of  skim  milk,  whey  and  similar  products.  The  Pennsylvania  law 
requires  the  heating  of  dairy  by-products  to  a  temperature  of  at 
least  178"*  F.,  Iowa  requires  185*^  F.,  Minnesota  requires  180*  F., 
while  Michigan  requires  185*  F.  or  145*  F.  for  30  minutes. 

The  temp)erature  to  which  milk  or  whey  must  be  heated  to  kill 
tubercle  bacilli  has  been  the  subject  of  much  investigation.  The 
available  data  have  been  summarized  by  Rosenau^'  who  verifies 
by  his  own  work  the  conclusion  that  a  temperature  of  140*  F.  for 
20  minutes  will  prevent  tubercle  bacilli  from  producing  the  disease 
in  inoculated  animals.  Russell  and  Hastings  ^^  find  that  under 
ideal  conditions  160*  F.  for  one  minute  will  kill  the  tubercle  germ, 
but  that  170*  F.  for  the  same  length  of  time  is  more  certain  to  do 
so  under  ordinary  conditions. 

Other  considerations  than  those  just  mentioned  have  caused  the 
requirement  of  the  higher  temperatures  in  the  laws  quoted  above. 
A  law  with  no  means  of  enforcement  is  of  little  benefit,  as  some  men 
will  evade  a  law  if  possible.  Therefore  these  laws,  with  the  excei>- 
tion  of  the  Michigan  law,  have  required  the  use  of  a  temperature 
of  at  least  178*  F.,  this  temperature  causing  changes  in  the  milk 
which  are  detectable  by  means  of  the  Storch  test.^  Such  a  tempera- 
ture kills  the  tubercle  bacillus  and  other  disease-causing  organisms 
with  a  sufficient  margin  of  safety  where  flash  pasteurization  is 
used  and  provides  a  very  wide  margin  of  safety  where  the  holding 
process  is  used. 

COST  OF  PASTEURIZATION. 

It  is  essential  that  the  cost  of  pasteurizing  dairy  by-products  be 
held  at  a  much  lower  figure  than  that  allowable  for  market  milk 
because  the  final  value  of  the  product  is  much  less.  Available 
figures^  indicate  that  the  cost  of  whey  pasteurization  does  not 
exceed  one  cent  per  hundred  pounds  of  whey.  One  manufactuim', 
who  operates  thirteen  cheese  factories,  charges  his  patrons  five  cents 

URoeeiuui,  M.  J.  The  thermal  death  points  of  pathogenio  mioro-orgaiiiaDiB  in 
milk.  Pub.  Health  and  Mar.  Hoep.  Ser.  of  U.  S.  Hygienic  Lab.,  Bui.  42, 85  pp.,  1  fig. 
1906. 

^'  RuaseU,  H.  L.,  and  Hastinffi,  £.  G.  Effeet  of  abort  periods  of  exposure  to  heat 
on  tuberde  badUi  in  milk.    Wis.  Agr.  Exp.  Sta.,  21  Ann.  Rept,  pp.  178-192.    1904. 

"  Pages  12-17  in  second  reference  given  in  footnote  4. 

^  Pages  17-19  in  first  reference  given  in  footnote  4.  Page  25  in  reference  given 
in  footnote  1. 
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per  100  pounds  of  cheeee.  This  is  approximately  one-half  cent 
per  100  pounds  of  whey.  He  states  that  he  does  not  consider  that 
this  pays  the  whole  cost  but  he  is  satisfied  because  of  the  decreased 
trouble  with  quality  of  the  cheese  produced.  Another  manufacturer, 
operating  seventeen  factories,  charges  one  cent  per  100  pounds  of 
whey. 

No  reports  of  investigations  were  found  which  showed  the  cost  of 
pasteurizing  skim  milk.  This  cost  need  not  exceed  that  of  whey 
pasteurization  except  in  those  instances  where  pasteurization  must 
be  carried  on  at  the  time  when  the  maximtim  amount  of  steam  is 
required  for  other  purposes.  This  may  mean  that  increased  boiler 
capacity  is  needed  and  this  raises  the  cost  of  pasteurization.  Several 
of  the  factories  which  pasteurize  skim  milk  are  using  a  method  of 
holding  pasteurization  comparable  to  the  methods  of  pasteurization 
used  in  this  State  for  market  milk.  The  cost  of  such  pasteurization 
is  usually  placed  at  from  six  to  ten  cents  per  hundred  pounds. 
Such  a  high  cost  of  pasteurization  for  dairy  by-products  is  uimec- 
easary  and  unprofitable  for  all  concerned. 

EFFICIENCY  OF  PASTEURIZATION  AS  CARRIED  OUT  IN 

NEW  YORK  STATE  FACTORIES. 

The  results  of  the  analyses  of  samples  are  given  in  the  following 
tables.  Three  of  the  cheese  factories  visited  used  the  method 
of  direct  steaming  in  the  whey  tank,  two  used  a  double-jetting 
system,  one  used  a  single  jet  for  preliminary  heating,  following  this 
by  direct  steaming  in  the  whey  tank,  and  one  used  a  Victor  pasteurizer. 
One  of  the  skimming  stations  visited  was  using  a  Reid  flash  pasteur- 
izer, running  the  hot  skim  milk  directly  into  a  tank  from  which  the 
farmers  drew  it  into  their  cans  while  still  hot;  the  other  was  using  a 
Wizard  holding  pasteurizer  and  cooled  the  skim  milk  before  return- 
ing it.  Thus  many  varied  conditions  were  studied.  Two  of  the 
main  cheese  districts  were  visited,  one  the  Chautauqua-Cattaraugus 
district  and  the  other  the  Jefferson  County  district. 

For  various  reasons,  it  has  been  considered  the  wisest  plan  not  to 
give  the  names  and  locations  of  the  factories.  Mention  should  be 
made  at  this  place,  however,  of  the  unfailing  courtesy  shown  and 
help  giv^i  by  the  owners  and  operators  of  all  the  factories  visited. 
We  are  indebted  for  particular  courtesies  or  suggestions  or  both  to 
the  foUowing:  Geo.  A.  Smith,  H.  E.  Cook,  W.  A.  Stocking,  H.  S. 
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Sweetland,  J.  L.  Gibby,  D.  M.  Evans,  R.  R.  KirUand,  Dana  H- 
Wells,  Wm.  H.  Sheffield,  C.  E.  Sackett,  W.  D.  Strack  and  F.  X. 
Baumert  Co. 

A.    WHEY  PASTEURIZATION. 

Table  I  gives  the  results  of  the  bacterial  analyses  of  the  samples 
of  whey  taken  at  Factory  A.  Samples  were  taken  at  this  factory 
on  three  days  (August  17,  31  and  September  1),  all  of  which  happened 
to  be  moderately  warm  summer  days.  At  this  place,  the  whey  was 
siphoned  out  of  the  making  vats  directly  onto  the  floor  and  ran  in 
a  trench  in  the  concrete  floor  to  a  buried  pipe  which  led  to  a  half- 
buried  plank  whey-tank  outside.  The  tank  was  seldom  cleaned  and 
the  inside  was  covered  with  a  thick  scale.  The  whey  was  pasteurized 
in  the  tank  by  means  of  live  steam  which  entered  it  through  a  pipe 
with  a  single  opening.  In  spite  of  this,  the  whey  was  well  circulated 
during  the  time  when  the  steam  was  entering  and  there  was  rarely 
more  than  two  degrees  difference  in  temperature  in  different  portions 
of  the  tank. 

It  was  the  intention  of  the  cheese  maker  to  heat  the  whey  to  at 
least  160°  F.  before  shutting  off  steam.  The  temperature  records 
taken  on  these  three  days  as  well  as  those  taken  by  means  of  a 
recording  thermometer  and  given  in  Table  II  show  that  he  usually 
heated  to  a  hotter  temperature  than  this  and  occasionally  reached 
a  temperature  as  high  as  178°  F.  As  was  to  be  expected,  the 
bacteriological  analyses  show  that  he  was  getting  very  efficient 
pasteurization. 

The  whey  itself  was  in  good  condition  and  had  a  clean,  sweet 
smeU,  very  different  from  that  foimd  where  the  whey  is  not  pasteur- 
ized. The  fat  did  not  form  a  scum  on  the  surface  even  after  the  whey 
stood  over  night.  The  albumin  in  the  whey  was  curdled  and 
tended  to  settle  to  the  bottom  but  was  easily  stirred  up  by  the 
farmers  when  they  dipped  out  the  whey  so  that  it  did  not  accumulate 
in  the  tank.  The  bacteriological  examination  showed  this  whey  to 
have  an  abundant  growth  of  a  nearly  pure  culture  of  B.  bulgaricus 
when  it  was  delivered  to  the  farmers  (see  page  231).  As  indicated  in 
Table  I  this  organism  did  not  show  up  on  the  culture  plates  after 
five  days  of  incubation  at  21°  C.  but  appeared  in  large  numbers 
after  incubation  at  body  temperature  (37°  C.). 

By  means  of  a  recording  thermometer,  a  record  of  the  temperatures 
used  in  pasteurization  at  this  factory  was  kept  from  October  6  to 
November  15,  a   period  of  41  days.    These  records   have  been 
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Tabls  I. —  EffwcuiiiCT  ov  Whst  Pabtkttbization  at  Factobt  a,  bt  Dibbot 

Stbamino  in  Whet  Tank. 


I 


1 

s 

s 

4 
6 
6 

7 
8 

10 
11 


35 


97 


99 

ao 

31 


34 


8:30 
7K» 

I:M 
I:iS 
1:9I> 
2:M 


3:3t 

3:9I> 
4:33 
4:33 


13 

8:30 

13 

7:30 

14 

11:30 

15 

1:» 

16 

1:33 

17 

1:53 

18 

2:35 

19 

2:23 

90 

2:35 

31 

3:35 

22 

305 

28 

4:35 

8.30 
7:45 

1:33 
1:45 
2:33 
2:15 
2»45 
3:33 
3:15 
3:33 
4:33 


Mirt«ifaL 


Angwt  17,  1015. 

RawmiOc 

PlHrt.  whey.    Stood  all  nigbt  in  tank  . . . 


Raw  whey  from  maUng  -vat 

Wh^.    Steamed  in  tank  16  minutes. 

Steamed  in  tank  30  minutea 

Stood  30  minutes  without  steam 

Steamed  30  minutes 

Steam  off  30  minutes 

Steam  off  00  minutes 

Steam  off  00  minutes 

Steam  off  120  minutes 


August  31,  1016. 

Raw  tnilV 

PiMt.  whey.    Stood  all  nig^t  in  tank. 


Raw  whey  from  making  vat. . . . 

Raw  whey  from  tank 

Whey  after  15  minutes  steam . . . 
Stood  20  minutes  without  steam , 
15  minutes  additional  steam .... 

Steam  <^  15  minutes 

Steam  off  30  minutes 

Steam  off  00  minutes 

Steam  off  00  minutes 

Steam  off  120  minutes 


September  1,  1016. 

Raw  milk 

Past.  whey.    Stood  all  night  in  tank. 


Raw  whey  from  making  vat 

Raw  whey  from  tank 

Whey  alter  15  minutes  steaming. 
Whey  after  30  minutes  steaming . 
Whey  alter  40  minutes  steaming. 

Steam  off  15  minutes 

Steam  off  30  minutes 

Steam  off  45  minutes 

Steam  off  75  minutes 


Temf- 
ture. 


Deff$.  F. 


109 

08 
136 
147 
146 
181 
176 
168 
158 
158 


102 
08 


140 
140 
168 
165 
163 
158 
154 
158 


08 
100 


135 
145 
171 
169 
165 
161 
156 


Pfaite 
oount. 


87.300.000 
*41. 600.000 

156.000,000 

41,470.000 

655.000 

04.700 

1.700 

40 

138 

148 

51 


2.450.000 
*1.640.000 

18.500,000 

63.000.000 

21.000.000 

1.800.000 

11,300 

10.500 

0.660 

000 

700 

t240 


1.500,000 
«114.800.000 

37.600.000 

70,600,000 

22,000,000 

3,600,000 

25,000 

26,000 

17,000 

6.000 

6.000 


Notes. 


B.  InUaarieut 
predominant. 


B.  hutoarieut 
predominant. 


L  butaarieut 
predominant. 


*  Hie  two  days  of  extra  incubation  at  37**  C.  inereaaed  these  counts  from  2.000.  10.000  and 
47j000  reepectirely  to  the  figures  pven  becaxise  the  predominant  organism  did  not  appear  until 
after  ineabation  at  the  warmer  temperature. 


tabulated  in  Table  II  where  it  will  be  seen  that  the  lowest  tem- 
perature recorded  was  158.  On  this  day,  the  whey  was  hotter 
than  150®  F.  for  i  hour  and  hotter  than  140®  F.  for  IJ  hours.  Even 
this  TniTiiTmim  must  have  given  very  satisfactory  pasteurization. 
The  colder  fall  weather  caused  a  decided  difference  in  the  form  of  the 
temperature  curve,  as  the  whey  cooled  more  rapidly  in  the  tank.  A 
few  sharp  drops  in  the  curve  occurred  which  were  undoubtedly  due 
to  adding  cold  water  in  order  to  make  up  for  deficiencies  in  the 
amount  of  whey. 


220   Repobt  of  the  Depabthent  of  Bacteriology  of  teee 


Table  II. —  Temfkbatoseb  Used  in  PAflfraimuATioN  at  Faciobt  L. 

(Readings  from  a  reoording  thermometer.) 


DATE. 


Maximum 

tem- 
perature. 


Time 
above 
160*  F. 


Time 
above 


Time 

above 

14(fF. 


Time 
above 
IZCTF. 


Oei.   6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Nov.  1 . 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


De09,F. 
168 
178 
176 
168 
165 
171 
171 
167 
173 
172 
172 
171 
174 
164 
168 
178 
175 
167 
158 
167 
170 
168 
167 
170 
172 
172 
165 
179 
174 
167 
167 
174 
167 
168 
175 
174 
165 
164 
176 
165 
176 


Hn. 


I 

u 

1 
} 

V. 


i 


1 
1 


i 


! 


Hn, 


2 
2 


2 


■ 


t 


1 


i 


i 


Hn. 


Hn. 


4 
4 

2 

I 
? 

5 


3 
21 


Table  III  gives  a  record  of  the  analyses  of  samples  from  Factory  B 
taken  on  four  different  da3rs  (August  18,  19,  September  2,  3).  At 
this  factory,  the  whey  was  jetted  from  the  vat  to  a  tank  on  the 
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second  floor.  From  this  tank  it  ran  by  gravity  through  the  separator 
into  a  barrel  from  which  it  was  jetted  to  a  wooden  tub  tank  outside. 
The  tank  in  this  case  was  elevated  a  foot  from  the  ground  and  was 
not  covered.  Under  these  conditions,  the  temperature  of  the  whey 
was  lowered  a  number  of  degrees  on  running  into  the  tank  and  fell 
rapidly  if  the  weather  was  at  all  cool.  It  was  the  practice  at  this 
factory  to  add  the  separator  slop  and  washings  to  the  whey  about 
an  hour  after  the  whey  had  been  run  into  the  tank  during  which  time 
it  had  usually  cooled  to  145^  F.  or  less.  Water  was  also  added  to  the 
whey  nearly  every  day  in  order  to  make  it  meet  patrons'  demands, 
thus  cooling  the  whey  still  more.  The  whey  tank  was  cleaned  and 
was  kept  in  excellent  condition.  The  whey  smelled  clean  and  sweet 
and  there  was  no  accumulation  of  coagulated  albumin.  The 
bacteriol(^cal  analyses  showed  that  here,  also,  the  predominant 
organism  in  the  whey  as  it  was  delivered  to  the  farmers  was  B,  bvlr 
garicus.    Very  few  other  bacteria  were  present. 

The  recording  thermometer  was  used  at  this  factory  for  five  days 
when  it  was  removed  because  the  temperatures  were  not  high  enough 
to  secure  efficient  pasteurization,  due  to  the  causes  mentioned  above. 
The  records  for  these  five  days  (September  2-6)  showed  maximum 
temperatures  of  144,  149,  138,  135  and  142^  F.  respectively.  On 
September  2,  the  temperature  remained  above  140  for  1}  hours. 
On  September  3,  it  remained  above  140  for  3  hours.  On  September 
6,  it  remained  above  140  for  }  hour.  While  the  pasteurization  at 
this  factory  could  not  be  considered  efficient  as  a  means  of  killing 
the  tubercle  bacillus,  yet  it  should  be  stated  that  an  excellent  feeding 
material  was  returned  to  the  patrons  and  one  which  was  much 
better  than  that  received  before  pasteurization  was  introduced. 

The  records  of  the  analyses  of  the  samples  taken  at  Factory  C 
are  given  in  Table  lY.  Samples  were  taken  on  August  20,  21  and 
23  during  moderately  warm  summer  weather.  This  was  the  largest 
factory  visited  and  about  17,000  lbs.  of  milk  were  being  handled  daily. 
The  whey  was  jetted  twice  and  separated  as  at  Factory  C.  After 
the  second  jetting,  the  whey  ran  through  about  50  feet  of  pipe  inside 
the  factory  and  then  through  about  40  feet  of  pipe  buried  beneath  a 
driveway  thus  reaching  a  buried  tub  tank  which  was  covered  by  a 
shed.  In  the  morning  the  whey  was  jetted  to  a  smaller  elevated 
tank  from  which  the  patrons  secured  their  whey  by  gravity.  The 
whey  had  a  good  appearance  when  taken  away  and  had  none  of  the 
odor  of  sour  swill. 
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TabZiB  m. —  EfFiciBNcr  OF  Whvt  Pabisttrisation  at  Factobt  B,  bt  Jbthro 

TWICB. 


4. 


I 


3fi 
36 
37 
88 


40 
41 
42 
43 


44 
45 


46 

47 
48 
49 

50 
51 
62 
58 
54 
55 


66 
57 


58 
59 
60 
61 


62 
68 
64 
65 
66 
67 


68 


70 
71 
72 
73 

74 

75 
76 
77 
78 
79 


Tim* 
taken. 


10:45 

11  KK) 
11:15 

12  KK) 
12:16 
12:80 

IHW 
1:80 
2HW 


8:40 
7:30 


10  KX) 
10:10 
10:40 
11:30 

11:45 

12:00 

12:80 

ItOO 

1:80 

2:00 


7:30 
7:00 


10:30 

11  KX) 
11:30 

12  KX) 


11:45 

12  K» 

12:85 

1K» 

1:85 

2.-0S 


7K)0 
6:45 

10:00 
10:10 
10:40 
11:15 

11 -.30 
11:45 
12:16 
12:46 
1:16 
1:45 


Mftterial. 


August  18,  1915. 

Raw  whey 

Whey  jetted  once 

Same.    Stood  15  minutes 

Whey  separated  and  jetted  2nd  time. 

Same.    Stood  15  minutes 

Same.     Stood  30  minutes 

Same.    Stood  60  minutes 

Same.    Stood  90  minutes 

Same.    Stood  120  minutes 


1915. 


August  19, 

Itaw  milk 

Pasteurised  whey.    Stood  all  night 
in  tank 


Raw  whey  in  vat 
Whey  jetted  onoe 


Same. 
Whey 
time 
Same. 
Same. 
Same. 
Same. 
Same. 
Same. 


Stood  30  minutes 

separated    and    jetted 


2nd 


Stood  15  minutes. . 
Stood  30  minutes. . 
Stood  60  minutes. . 
Stood  90  minutes. . 
Stood  120  minutes. 
Stood  150  minutes. 


September  2,  1915. 

Raw  milk 

Pasteurised  whey.    Stood  all  night 
in  tank 


Raw  whey  in  vat 

Whey  jetted  once 

Same.    Stood  30  minutes. 
Same.    Stood  60  minutes. 


Whey  separated  and  jetted  2nd  time. 

Same.    Finished  se^Mrating 

Same.    Stood  30  nunutes 

Same.    Stood  60  minutes 

Same.    Stood  90  minutes 

Same.    Stood  120  minutes 


September  3,  1915. 

Raw  miUc 

Pasteurised  whey.    Stood  all  night. 


Raw  whey 

Whey  jetted  once 

Same.    Stood  30  minutes 

Whey,    separated  and  jetted 
time 

Stood  15  minutes 

Stood  30  minutes 

Stood  60  minutes 

Stood  90  minutes 

Stood  120  minutes 

Stood  150  minutes 


2nd 


Same. 
Same. 
Same. 
Same. 
Same. 
Same. 


Tem- 
penr 
ture. 


DeQt.  F. 
102 
131 
127 
151 
151 
150 
147 
145 
143 


88 

102 
129 
126 

153 
151 
151 
147 
143 
142 
142 


86 

100 
127 
124 


142 
142 
141.5 
140 
130 
135 


90 

100 
127 
123 

149 
148 
148 
145 
144 
142 
141 


Plate 
count. 


28.100,000 

9,800,000 

6,500,000 

29,300.000 

t20.200 

20.400 

rl2,300 

1,000 

;,ooo 


11,500,000 

*68.S0O.O0O 

t2,700.000 
3.400,000 
1.600,000 

301.000 
12.700 
11,600 
t9,400 

tioi.ooo 

90,000 
167,000 


4,800,000 

«4, 134.000 

13.800.000 
9.600.000 
1,730.000 
2,080,000 


1,180.000 
160.000 
124.000 
50.000 
455.000 
416,000 


850.000 
*81. 720.000 

12.700.000 
8,000,000 
2,400,000 

508,000 
165,000 
99,000 
159,000 
148.000 
186.000 
116.000 


Notes. 


Separator  skip  added. 


B 


.  hulaariau 
doounant. 


Separator  dop  added. 


B.  lnd{^oneiwpt^ 
dominant. 


Rise  in  count  due  to 
standing  at  warm 
temperature. 


Separator  skp  added. 


B.  btilopricua  pn* 
dominant. 


Separator  dop  aiJdod. 


t  live  day  count  at  21^  C.    The  seven  day  count  was  k»t  because  of  spreaders  or  for  otlier 


*  The  two  days  of  extra  incubation  at  87*  C.  inoreased  these  counts  from  10.000,  4,180  and 
3,000  respeetiTely  to  the  figures  given  because  the  predominant  organism  did  not  appear  until 
after  incunatifln  at  liie  warmer  temperature. 
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The  fact  that  the  whey  ran  such  a  distance  after  the  second  jetting 
caused  considerable  cooling  so  that  the  temperatures  given  for  the 
whey  in  the  tank  are  about  20  degrees  lower  than  those  at  the  jet. 
In  colder  weather  this  reduction  would  have  been  greater.  As  it 
was,  the  pasteurization  would  have  been  fairly  efficient,  as  shown 
by  the  results  obtained  August  21,  if  it  had  not  been  a  practice 
to  add  separator  slop  after  the  whey  had  cooled  below  a  pasteurizing 
temperature.  On  August  23,  the  second  jet  pump  failed  when  only 
part  of  the  whey  had  been  pumped  and  the  remainder  was  heated 
to  16(f  F.  by  direct  steam  in  the  barrel  which  received  the  discharge 
from  the  separator  and  was  then  allowed  to  run  into  the  tank  by 
gravity  through  a  trench  in  the  floor.  This  of  course  gave  unsatis- 
factory results  from  the  bacteriological  standpoint.  The  high  counts 
on  August  21,  which  persisted  until  after  the  whey  had  been  heated 
60  minutes,  were  undoubtedly  caused  by  the  fact  that  some  of  the 
whey  from  the  preceding  day  had  remained  in  the  tank.  This  and 
the  preceding  factory  were  improving  the  feeding  value  of  the  whey 
very  markedly  by  the  pasteurization  but  were  not  getting  results 
which  could  be  regarded  as  satisfactory  as  a  means  of  preventing 
the  spread  of  tuberculosis  or  foot  and  mouth  disease. 

Samples  were  taken  at  Factory  D  on  August  24,  25  and  26  and  the 
results  of  the  analyses  are  given  in  Table  V.  The  whey  is  separated 
at  this  factory  after  it  has  been  jetted  out  of  the  making  vat.  As 
it  left  the  separator  it  ran  by  gravity  through  a  Victor  pasteurizer 
placed  near  the  separator  and  below  the  discharge.  This  type  of 
pasteurizer  consists. of  a  horizontal  metal  cylinder  about  18  inches 
long  and  6  inches  in  diameter.  The  whey  enters  one  end  and  is 
mixed  with  live  steam  admitted  at  the  top  of  the  cylinder.  It  leaves 
the  pasteurizer  at  the  opposite  end  and  flows  by  gravity  to  the  whey 
tank.  The  tank  at  this  factory  was  much  like  that  at  Factory  A 
except  that  it  was  raised  about  two  feet  above  the  surface  of  the 
ground.  Temperatures  were  easily  regulated  by  means  of  this  pasteu- 
riser and  satisfactory  results  would  have  been  secured  if  separator 
slop  had  not  been  added  after  the  whey  had  cooled  somewhat. 

jB.  bulgaricus  was  found  to  be  the  predominant  organism  in  the 
whey  as  returned  to  the  farmers.  Microscopic  smears  were  made 
of  the  old  whey  on  August  25  and  26  according  to  the  method 
described  in  Bulletin  373^  of  this  Station  except  that  the  whey 

"  Brew,  James  D.  A  comparison  of  the  microscopical  method  and  the  plate  method 
of  coDDting  bacteria  in  milk.    N.  Y.  Agr.  Exp.  Sta.,  Bui.  373,  38  pp.,  2  pi.  1914. 
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was  diluted  with  equal  quantities  of  sterile  skim  milk  before  prei>aring 
the  dried  smear.  Counts  made  from  these  smears  showed  B,  bul- 
garicvs  to  be  present  in  the  enormous  numbers  of  101,000,000  on 

Table  IV. —  EFncnsNcr  of  Whbt  Pastbubizaiton  at  Factory  C,  bt  Jettino 

TWICB. 


Time 
taken. 


Material. 


80 

9:30 

81 

10:00 

82 

11  KK) 

83 

12:30 

84 

12:46 

85 

1:00 

m 

1:30 

87 

2.-00 

K8 

2:30 

80 

3.-00 

90 

4:00 

91 

9. -00 

92 

9:30 

98 

10:40 

94 

11:20 

95 

12:45 

96 

1:00 

97 

1:15 

98 

1-.45 

99 

2:16 

100 

2:46 

101 

3:16 

102 

4:16 

103 

OKX) 

104 

8:45 

105 

10  KX) 

106 

11.00 

107 

12:48 

108 

1.-00 

109 

1:46 

110 

2:15 

111 

2:46 

112 

3:16 

113 

4:16 

AufUBt  20,  1915. 
Raw  milk  mixed  from  three  vats.. . . 

Raw  whey 

Whey  jetted  once 

Whey  separated  and  jetted  2nd  time. 


Same. 
Same. 


Same. 
Same. 
Same. 
Same. 
Same. 


Stood  15  minutes. 
Stood  30  minutes. 


Stood  60  minutes. . 
Stood  90  minutes. . 
Stood  120  minutes. 
Stood  150  minutes. 
Stood  210  minutes. 


August  21.  1915. 

Raw  milk 

Raw  whey 


Whey  jetted  onoe 

Whey.     First  jetting  finished 

Whey  separated  and  jetted  2nd  time. 

Same,     ntood  15  minutes 

Same.     Stood  30  minutes 

Same.     Stood  60  minutes 

Same.     Stood  90  minutes 


Same.  Stood  120  minutes. 
Same.  Stood  150  minutes . 
Same.     Stood  210  minutes . 


August  23,  1915. 

Raw  milk 

Pasteurised  whey.    Stood  over  night 
in  tank 


Raw  iriiey 

Whey  jetted  onoe. 


Tem- 
ture. 


Dega.  F. 

•  •  •  ■  • 

100 
120 
140 

140 
138 


186 
134 
134 
131 
127 


Whey  separated  and  jetted  2nd  time. 

Same.    Stood  15  minutes 

Same.    Stood  45  minutes 

Same.    Stood  75  minutes 

Same.    Stood  105  minutes 

Same.    Stood  135  minutes 

Same.    Stood  195  minutes 


100 


116 
120 
142 
142 
141 
140 
138 

136 
134 
133 


110 


100 
118 


131 
130 
127 
125 
124 
122 
110 


Plate 
count. 


16.800.000 

7.900.000 

n. 460.000 

99.000 

tl5.200 
25.000 


53.000 
121,000 

96,000 

110.000 

tl44.000 


23,000.000 
7.500,000 


14.300,000 

t5.800.000 

1.070,000 

2,040.000 

1,750,000 

91,000 

tl3.000 

15,000 
t8,760 
12.080 


20.000.000 
53,000 


15,000,000 
10.000,000 


720.000 
1.000,000 
490,000 
359,000 
137.000 
810.000 
170.000 


Notes. 


Temperature  at  jet 
160»F. 

Cooled  in  i*i>*nrini; 
through  90  feet  ol 
piping. 


Separator  slop  added. 


Perristent  hifdi  oounte 
undoubtedly  due  to 
old  whey  left  in 
tank  from  preced- 
ing day. 


No     separator     slop 


ad< 


separat 
ded 


B.  bu^HiHciM  probably 
present  in  large 
numbers  but  failed 
to  develop. 

Jet  failed  wkm  two- 
thirds  d<Mie  Mid 
remainder  of  whey 
ran  into  tank  by 
means  of  open 
trench  in  flcxir  after 
heating  to  100^ 
F.     in    barrel     at 


Separator  slop  added. 


t  Five  day  count  at  21''  C.    Seven  day  count  lost  because  of  spreaders  or  for  other 
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August  25,  and  331,000,000  on  August  26.  In  spite  of  this  no 
B.  bulgaricus  colonies  appeared  on  the  plates  made  on  August  25 
and  not  more  than  one-third  of  the  number  pres^it  appeared  on  the 
plates  made  August  26. 

Samples  were  taken  on  August  27  and  30  from  Factory  E  and  the 
results  of  the  analyses  are  given  in  Table  VI.    The  whey  was  not 

Table  Y. —  EFncixNcr  or  Whet  Pastextrization  at  Fagtobt  D,  bt  Jethno 
Omcb  and  Running  Thbouoh  a  Victor  Pabtburizbb. 


114 

116 
116 
117 
118 

119 

lao 

121 
122 
123 
124 
125 


126 
127 


128 
129 
180 
131 
132 
133 
134 
136 
136 
137 


138 
139 


140 
141 
142 
143 
144 
145 
146 


Tim« 


8:30 

10:30 
10:46 
11K)0 
12 


1 

2  sis 
2:a0 
3:00 
3:aO 
4KM 


8:30 
7:90 


11  H» 
llzSO 
lr20 
2:M 
2:30 
3:10 
3:45 
4:00 
4:18 


8:30 
7:16 


11:20 
12  4» 
1:06 
3:00 
3:30 
4HI0 
4:30 


BCfttaruJ. 


August  24,  1916. 
I^Mteuriied  whey.    Stood  all  nicht. 


Raw  whey 

Wbey  jetted  onoe 

Same.    Stood  16  minutes 

Whey  in  storage  tank.    Sqiarated 

and  xMsteuriaed 

Same.     Stood  30  minutes 

Same  40  minutes  later.    Finished 

pasteuriiins 

Same.     Stood  15  minutes 

Same.     Stood  30  minutes 

Same.     Stood  60  minutes 

Same.    Stood  90  minutes 

Same.     Stood  120  minutes 


1915. 


August  25, 

Raw  milk 

Fssteurised  whey.    Stood  all  night. 


Raw  whey 

Whey  jetted  onee.  Stood  16  minutes. 

Whey.     Jetting  2nd  vat 

Whey  from  discharge  of  pasteuriser. 

Whey  in  storage  tank 

Same.    Finished  pasteurising 

Same.    Stood  15  minutes 

Same.    Stood  30  minutes 

Same.     Stood  45  minutes 

Same.    Stood  60  minutea 


August  26.  1916. 

Raw  milk 

Pasteurised  whey.    Stood  all  night. 


Raw  whey 

Whey  jetted  onee 

Whey  from  diipdiarge  of  p«iteuriser. 
In  tank.    Finished  pasteurising . . . . 

Same.    Stood  30  minutes 

Same.    Stood  60  minutes 

Stood  90  minutes 


Tem- 
pera- 
ture. 


Dtfft.  F. 
104 

100 
126 
126 

149 
158 

153 
151 
149 
145 
145 
143 


113 


100 
126 
124 
154 
142 
142 
142 
140 
138 
138 


118 


100 
124 
161 
151 
140 
149 
148 


Plate 
count. 


*9, 860,000 

18.000,000 
14.000.000 
11,000.000 

335,000 
144.000 

119.000 

106.000 

67,000 

6.200 
138,000 

1,000 


2.270.000 
856,000 


I 


4.500.000 

3.500.000 

5.120.000 

165.000 

310,000 

117.000 

13.000 

80.000 

32.000 

120.000 


2,400,000 
•77.600,000 


3.300.000 

2.600.000 

3.700 

61.000 

21,000 

f  3,600 
1,500 


Notes. 


B.  btUiforieuM 
dominant. 


Separator  sbp  added. 


Plates  did  not  show 
B.  buigarieua  cfAo- 
nies.  Microscope 
showed  them  to  be 
present.  Count  — 
101,000,000. 


Separator  sbp  added. 


B.  hutffarieua  pre- 
dominant.    Micro- 
scopic       count  — 
381.000,000. 


Some  raw  whey  added 


•  Two  da3fs  of  extra  ineubation  at  37^  C.  increased  these  counts  from  151.000  and  7.400  respeo- 
tirely  to  the  figures  g^ven  because,  the  predominant  organism  did  not  appear  until  after  inouba- 
tioB  at  the  warmer  temperature. 

t  Vkn  day  eooiit  aft  2V*  C.    Ssiren  day  count  lost  beoaose  of  spreaders  or  for  other 


8 
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separated  at  this  factory  but  was  drawn  from  the  vat  by  a  single 
jet  pump  and  ran  by  gravity  in  a  wooden  trough  to  the  whey  tank 
where  the  pasteurization  was  finished  by  direct  steam.  A  half-inch 
steam  pip)e  was  used  which  ran  about  40  feet  before  entering  the  tank, 
about  half  of  the  distance  being  outside  of  the  building.  On  account 
of  the  heat  lost  by  radiation  the  pasteurization  occupied  a  longer 
time  than  would  have  been  required  if  other  arrangements  had  been 
made.  The  whey  tank  was  a  wooden  tub  placed  on  the  surface 
of  the  ground,  from  which  the  whey  was  dipped  by  the  farmers.  It 
will  be  seen  by  the  table  that  the  old  whey  on  August  27  had  not  been 
pasturized  on  the  previous  day.  The  plate  count  was  3,380,000 
with  no  fi.  bvlgaricus  colonies.  The  microscopic  count  was 
404,000,000  with  B.  bvlgaricus  predominant. 

Table  VI. —  EinaBNCT  of  Whbt  Pabteurization  at  Factobt  E,  bt  Sinoi« 
Jbthno  Followxd  bt  Dibect  Steaming  in  Whet  Tank. 


Sample 
No. 

Time 
taken. 

147 
148 

8:30 
SKX) 

149 
160 
151 

IHW 
1:40 
2HM 

162 

2:16 

163 
164 
165 
166 
167 

2:45 
8:15 
8:80 
8:45 
4dW 

168 

4:15 

160 

8K)0 

leo 

161 
162 
163 
164 

11  KX) 

12:16 

1:00 

1:80 

2i00 

166 
166 
167 
168 
160 

2:15 
2:80 
8:00 
8:80 
4:00 
1 

Material. 


August  27.  1916. 

RawmiOc 

Whey  stood  over  night,  not  pas- 
teurised  


Raw  whey 

Wh«y  jetted  onoe 

Same.    Steamed  in  tank  16  minutes. 


Same.    Steamed  30  minutes. 


Same.  Steamed  60  minutes . . . 
Same.  Steamed  90  minutes . . . 
Same.  Steamed  105  minutes . . 
Same.  Steamed  120  minutes . . 
Steamed  135  minutes.    Steam 

off 

Steam  off  15  minutes 


shut 


August  30,  1915. 
Pasteurised  whey  stood  over  night. 


Raw  irhey 

Whey  jetted  once 

Same.    Steamed  30  minutes 

Same.    Steamed  60  minutes 

Steamed  90  minutes.     Steam  shut 

off 

Same.    Stood  15  minutes 

Same.     Stood  30  minutes 

Same.    Stood  60  minutes 

Slame.    Stood  90  minutes 

Same.    Stood  120  minutes 


Tem- 
ture. 


Deg:  F. 
90 


98 
118 
120 


127 


136 
147 
153 
166 

158 
158 


119 


96 
120 
147 
166 

167 
167 
166 
164 
162 
160 


Plate 
count. 


6,700,000 
3,380.000 


53.000.000 
52.000.000 
57,000,000 

44.500.000 


10.820.000 

160.000 

33,000 

15.100 

7,400 
1,600 


630,000 


22.300.000 

68,300.000 

286,000 

20,000 

1,060 
2.800 
2.700 
1.700 
2.600 
3.500 


Notes. 


Muvoeoopie  oount  ~~* 
404,000^.  Large- 
ly B.  buloar%eu9 
with  no 


Cold  whev  added 
from  ourarink. 

Steam  pressure  low 
and  steam  was  on 
2i  hours. 


B.  Iniigariau  did  not 
develop  but  prob- 
ably 


t  Fhre  day  oount  at  21**  F.    Seven  day  oount  lost  becaose  of  spreaders  or  for  other 
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On  the  first  day,  the  whey  was  heated  to  158^  F.  and  to  16r  F. 
on  the  second  day.  On  both  days  there  was  an  exceUent  percentage 
reduction  m  numbers  of  bacteria  and  there  can  be  little  doubt  but 
that  all  disease-causing  organisms  were  killed. 

Conditions  at  Factory  F  were  much  the  same  as  at  Factory  A. 
Samples  were  taken  on  September  27  and  28  (Table  VII),  which 
happened  to  be  cool  days.  The  whey  was  siphoned  out  of  the  vat 
and  ran  by  gravity  to  the  tank  where  direct  steam  was  used  to 
pasteurize  it.  The  tank,  which  is  placed  on  the  surface  of  the  ground, 
is  made  of  planks  and  is  covered  by  a  rough  shed.  The  cheesemaker 
at  this  factory  makes  it  a  practice  to  shut  off  steam  as  soon  as  the 
temperature  reaches  158^  F.  claiming  that  if  this  is  done  the  coagu- 
lated albumin  remains  suspended  in  the  whey,  and  that  it  rises  or 
settles  if  lower  or  higher  temperatures  than  this  are  used.  Very 
efficient  results  were  being  secured  as  shown  by  the  bacterial  reduc- 
tions and  the  whey  was  being  returned  to  the  farmers  in  excellent 
condition  with  a  predominant  B.  bidgaricus  flora. 

Samples  were  taken  from  Factory  G  on  September  29,  30  and 
October  1,  all  of  these  being  cool  fall  days.     The  equipment  and 

TiBLi  VII. —  E»ncnNGT  of  Wbst  PAflTBtmizATioN  AT  Fagtort  F,  bt  Dibbct 

Steaming  in  Wbbt  Tank. 


i 


I 


2 


Time 


Material. 


Tem- 
penr 

ture. 


Plate 

count. 


Notea. 


170 
171 


172 
173 
174 

175 

176 
177 
178 
179 


180 
181 
182 
183 
184 
185 
180 
187 


7:45 
7:46 


10:80 
11  HX) 
11:30 

12:50 

1:05 
1:85 
2:05 
2:85 


8:16 

10:40 

12  K» 

12:80 

1:10 

1:25 

2:25 

2:55 


September  27,  1015. 

Raw  milk 

FMteoriaed  whey.   Stood  over  night. 


D0ff9.  F. 


Raw  whey 

Steamed  90  minutes  in  tank 

Steamed  00  minutes.    Seoond    vat 

nm  in 

Steamed  40  minutee.    Steam  abut 

off 

Same.    Stood  15  minutes 

Same.    Stood  45  minutes 

Same.    Stood  75  minutes 

Same.    Stood  105  minutes 


September  28,  1915. 

Raw  milk 

Raw  whe^ 

Steamed  m  tank  about  30  minutes. 

Steam  off  15  minutes 

Steam  on  40  minutes  more 

Steam  off.    Fifteen  minutes  later. . . 

Same.  -  Stood  45  minutes 

Same.    Stood  105  minutes 


100 
123 

131 

158 
157 
153 
150 
148 


4.450.000 
*24.500,000 


3,000.000 
2,400.000 

450.000 

7.000 
5.500 
4.500 
4.500 
2,000 


.cidity 
.82   per   et.   lactae 


dominant.    Aci< 


pre 
idHy 


acid. 


100 
136 
134 
158 
167 
150 
146 


17.000,000 

6.450.000 

4.780,000 

12.000 

1,250 

1.050 

12,000 

9.500 


,  *  The  two  dairs  of  extra  incubation  at  3T*  C.  increased  this  count  from  153,000  to  the  figure 
oven  beosuse  the  predominant  organism  did  not  appear  until  after  the  incubaticm  at  the  warmer 
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arrangement  of  this  factory  were  the  same  as  those  at  Factory  F 
except  that  the  whey  tank  was  on  a  level  with  the  surface  of  the 
ground  and  a  measuring  device  was  in  use  which  gave  the  cheesemaker 
control  over  the  amount  of  whey  received  by  each  patron.  The 
maker  at  this  factory  made  it  a  practice  to  heat  the  whey  to  155^  F. 

An  unusual  condition  of  the  whey  was  shown  on  the  bacteriological 
analysis  of  the  samples  taken  on  September  29  and  30.  As  will  be 
seen  in  Table  VIII  this  whey  contained  large  numbers  of  B,  btiZ- 
garicua  as  drawn  from  the  making  vat  and  even  after  heating 
to  156^  it  still  showed  these  bacteria  in  large  numbers.  All  of  the 
whey  samples  taken  on  September  29  showed  these  colonies  but 
they  did  not  appear  on  all  of  the  plates  made  from  the  samples 
taken  on  September  30.  It  is  quite  probable  that  this  organism 
was  present  in  all  cases,  however,  as  other  instances  of  the  sort 
occurred  where  they  failed  to  develop.  The  failure  to  secure  a  high 
percentage  reduction  in  numbers  of  bacteria  on  these  two  days 
does  not,  therefore,  indicate  that  the  pasteurization  was  neces- 
sarily unsatisfactory  but  merely  that  for  some  reason  the  whey  as 
drawn  from  the  vats  contained  large  numbers  of  B,  bvlgarums  and 
these  oi^anisms  persisted,  as  they  are  very  heat-resistant.  It  would 
have  been  interesting  to  follow  the  history  of  the  cheeses  made  on 
these  days  in  order  to  see  whether  they  differed  in  any  way  from  those 
made  on  October  1  where  the  development  of  acidity  in  the  milk 
from  which  the  cheese  was  made  was  apparently  due  to  the  ordinary 
lactic  acid  bacteria. 

Samples  of  old,  impasteurized  whey  were  taken  from  a  single 
Factory  (H).  At  this  place  the  whey  tank  was  located  outside  of 
the  factory  on  a  level  with  the  surface  of  the  ground  and  was  covered 
with  a  rough  shed.  The  whey  was  allowed  to  run  into  the  tank  by 
gravity  without  pasteurization.  The  appearance  and  odor  of  the 
tank  were  those  of  an  old  swill  barrel  which  had  never  been  cleaned. 
The  whey  was  pumped  from  the  bottom  of  the  tank  each  morning, 
allowing  the  fat  which  had  risen  to  the  top  during  the  night  to  settle 
to  the  bottom  of  the  tank.  Each  day  more  fat  had  accumulated 
until  it  had  become  an  unsightly  and  foul-smelling  mass.  The 
average  plate  count  of  three  samples  of  this  whey  taken  October  12 
was  4,000,000.  A  microscopic  ex:amination  showed,  however,  that 
this  was  only  a  small  proportion  of  the  bacteria  present  and  that 
the  two  predominant  organisms  had  both  failed  to  develop,  namely 
BadUua  btdgaricua  and  a  yeast,  presumably  of  the  lactose-fermenting 
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type.  The  microscopic  count  showed  1,500,000,000  B.  bulgaricus 
and  30,000,000  yeasts  per  cubic  centimeter.  A  test  of  the  acidity 
showed  1.125  per  ct.  lactic  acid.    The  figures  show  that  the  unpa&- 

Tablb  VIII. —  EmcnNCT  of  West  Pasteusization  at  Factobt  G,  bt  Dibxct 

Stbamino  in  Wbxt  Tank. 


Time 
taken. 

MatflriiO. 

Ml 

Plate 
oount. 

Notes. 

188 

7:16 
7:15 

11:10 
11:45 

12KW 
12:10 
12:25 
12:55 
1:25 
1:55 

Sepiembor  29.  1916. 
Raw  milk , 

De09.  P. 

310,000 
•2,000.000 

*16, 300.000 
•18.600.000 

«0, 240,000 
•6,650.000 
•9.660.000 
•9,090.000 
•9.280.000 
•6,300,000 

189 
180 

Pastauriaed  whey.    Stood  all  night. 
Raw  whey 

100 
166 

146 
154 
161 
146 
142 
139 

Acidity  .30  pw  et. 
lacdoaeid. 

191 

192 

103 

Whey  rteatned  aboat  50  mfaitttfle. . . 

Whey  steamed  abont  45  miiratea. . . 

Wh^  finished  pasteurisation 

Samet    Stood  16  minuteff. ......... 

B.  M^orteiM  persisted 
throui^  the  entire 
series.  Other  oi- 
ganisms  were  nearly 
an   killed   by   the 

196 

Same.    Stood  45  minutes 

106 

Same.    Stood  76  minutes 

107 

Same.    Stood  106  minutes 

10S 

7:16 
7:16 

11:16 
12:20 

12:45 

IHW 
1:15 
1U5 
2:15 
2:45 

September  30,  1915. 

n»w  fnilV ,                

290.000 
•17,260,000 

6,400,000 
3,930.000 

•4,400.000 
1,800,000 
•8,400,000 
•2.000.000 
•1,600.000 
^60.000 

199 
200 

Pasteurised  whey.    Stood  all  night. 
Raw  whey 

100 
136 

136 
166 
162 
148 
144 
142 

Acidity  .61  per  ct. 
laetioaeid. 

201 

202 

208 

204 

>vhey  steamed  about  90  minutes. . . 

Whey  steamed  about  46  minutes. 

Steam  off  16  minutes 

Whey  finished  pasteurising 

Same.    Stood  16  minutes 

B.  htiloarieut  col- 
onies did  not  de- 
velop on  all  plates, 
but  they  were  prob- 
ably present  m  all 
of  the  whey  sam- 
ples. 

206 

Same.    Stood  45  minutes 

206 

Same.    Stood  76  minutes 

207 

Same.    Stood  105  minutes 

208 

7K)0 
7.00 

11 -.20 
1:10 
1:25 
I'M 
2:25 
2:55 

October  1, 1916. 
Raw  milk 

7.550.000 
•12.600.000 

6.660,000 

574,000 

29.300 

36.000 

8.000 

1.360 

200 

210 

Pasteurised  whey.    Stood  ail  night. 
Raw  wfaev 

100 

166 
164 
160 
146 
142 

Acidity  .38  per  ct. 
lactic  add.  B.  du^ 
garieut     predomi- 

211 
212 

Whey  finished  pasteurising 

Same.    Stood  16  minutes 

213 

Same.    Stood  45  minutes 

214 

Same.    Stood  76  minutes 

216 

Same.    Stood  106  minutes 

•  The  two  days  of  extra  incubation  at  37*  C.  increased  these  counts  from  low  numbers  to  the 
figves  giren  beoMise  the  predominant  organism  did  not  appear  until  after  incubation  at  the  warmer 


teurized  whey  had  not  only  developed  a  much  greater  acidity  than 
pasteurized  whey  under  similar  conditions  but  also  that  it  contained 
a  greater  number  of  miscellaneous  bacteria  and  yeasts.   The  presence 
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of  yeasts  in  unpasteurized  whey  from  Wisconsin  cheese  factories  has 
also  been  reported  by  Hastings.^* 

A  study  of  the  temperature  records  shows  that  only  one  factory 
out  of  the  seven  visited  used  a  temperature  sufficiently  high  to  meet 
the  requirements  of  the  Pennsylvania  law  (178°  F.).  At  this  one 
factory  (A)  this  temperature  was  reached  on  4  days  out  of  the  41 
days  on  which  temperature  records  were  kept.  On  the  other  hand 
all  of  the  factories  except  two  (B  and  C)  used  a  sufficiently  high 
temperature  to  meet  the  low  requirements  of  the  Michigan  law 
(145°  F.  for  30  minutes).  Two  factories  failed  to  reach  this  tempera- 
ture on  eight  days  out  of  the  twelve  days  for  which  records  were 
kept.  Both  of  these  were  using  the  double-jetting  system  of  pasteuri- 
zation. 

The  bacterial  analyses  and  temperature  records  show  that  Factories 

A,  E,  F,  and  G  were  undoubtedly  securing  satisfactory  results  in 
killing  the  tubercle  bacillus  and  other  disease  germs.  A  question 
might  be  raised  in  regard  to  Factory  G  because  of  the  fact  that  the 
bacterial  reduction  was  not  as  great  as  might  have  been  expected 
from  the  temperatures  used  on  two  days  (September  29  and  30). 
The  high  counts  in  the  pasteurized  whey,  however,  were  due  to 

B,  bvlgaricys  which  is  able  to  stand  much  higher  temperatures  than 
the  tubercle  bacillus,  so  that  this  low  efficiency  is  apparent  rather 
than  real. 

On  the  other  hand,  the  results  secured  at  Factories  B,  C  and  D 
could  hardly  be  classed  as  satisfactory  on  any  of  the  days  when 
temperature  records  were  taken.  In  some  cases  the  temperature 
used  was  not  high  enough,  in  others  the  addition  of  separator  slop 
and  washings  or  of  cold  water  to  dilute  the  whey  spoiled  what  would 
otherwise  have  been  satisfactory  results. 

Perhaps  the  most  interesting  thing  that  was  discovered  in  the 
course  of  this  investigation  is  the  character  of  the  organisms  which 
occur  in  pasteurized  and  unpasteurized  whey.  In  the  course  of  the 
work,  fifteen  samples  of  old  pasteurized  whey  were  taken  from  the 
seven  factories.  Twelve  of  the  samples  gave  plate  counts  in  the 
tens  of  thousands  on  the  fifth  day  after  incubation  at  21®  C.  Two 
days  later,  after  incubation  at  37°  C,  these  same  plates  showed 
innumerable  fine  ragged  colonies  which  resembled  a  precipitate  in 

'^^  HastLngis,  E.  G.    Distribution  of  lactose-fermenting  yeasts  in  dairy  products. 
Wis,  Agrl.  Expt.  Sta.    33rd  Ann.  Rpt.,  pp.  107-115.    1906. 
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the  agar  and  might  easily  have  been  overlooked.  The  first  time  this 
occurred,  it  was  suspected  that  these  were  B.  bulgaricua  ^  colonies 
and,  later,  microscopic  examination  of  the  whey  and  cultural  and 
microscopic  examination  of  the  organisms  in  the  colonies  confirmed 
this  suspicion.  Three  of  the  samples  of  old  pasteurized  whey  (Factory 
C,  August  23,  Factory  D,  August  25,  and  Factory  E,  August  30) 
failed  to  show  characteristic  B.  hvlgaricua  colonies  on  the  plates 
even  after  the  extra  incubation.  However,  the  failure  of  B.  bvlr 
garums  to  appear  on  the  plates  in  these  cases  does  not  prove 
that  it  was  absent.'  In  fact  in  one  case,  that  of  August  25,  micro- 
scopic examination  of  the  whey  showed  it  to  be  filled  with  this 
organism. 

The  conditions  under  which  the  pasteurized  whey  is  kept  are 
particularly  favorable  for  this  organism.  It  is  an  organism  with  a 
high  thermal  death  point  and  its  optimum  temperature  for  growth 
(113  to  122''  F.)  is  high.  Through  this  abiUty  to  withstand  high 
temperatures  some  individuals  survive  the  pasteurization  and,  as 
the  whey  cools,  these  find  both  optimum  temperatures  and  an 
abundant  food  supply.  Thus  in  the  4  cases  where  the  whey  which 
had  stood  over  night  was  tested  for  acidity,  these  organisms  had 
abeady  developed  .39,  .38,  .51  and  .32  per  ct.  acidity,  calculated 
as  lactic  acid.  Under  these  conditions,  the  farmer  fills  his  milk  cans 
with  a  nearly  pure  culture  of  this  organism  which  must  continue  to 
grow  there  and  soon  develops  sufficient  acidity  to  sour  the  whey. 
As  is  well  known,  cultures  of  this  organism  have  a  favorable  influence 
on  digestive  processes  and  this  fact,  together  with  the  lessened  acidity, 
undoubtedly  helps  to  make  the  pasteurized  whey  a  better  feeding 
material  than  unpasteurized  whey. 

Likewise,  it  is  entirely  probable  that  the  filling  of  the  milk  cans  with 
cultures  of  this  organism  is  far  from  having  an  unfavorable  influence 
on  the  quality  of  the  cheese  produced  from  the  milk  returned  to  the 
factory  in  the  same  cans  on  the  following  morning.  In  fact  this  may 
have  been  the  source  of  the  B,  bidgaricus  which  occurred  in  the 
making  vat  at  Factory  G  on  September  29  and  30.    This  organism 

BbThifl  name  ib  used  as  a  matter  of  convenience  to  designate  bacteria  of  the  long 
rod,  ]aetic-Acid  group  as  distinct  from  bacteria  of  the  short  rod,  strep tococcus^like, 
laetic-acid  group  commonly  known  as  Bacterium  lactia  acidi.  See  Hastings,  E.  G., 
and  Hammer,  B.  W.  The  occurrence  and  distribution  of  a  lactic  acid  organism 
resembling  the  BaciUus  bvlgaricua  of  yogurt.  Wis.  Agr.  Exp.  Sta.,  25th  and  26th 
Ann.  Rep.    1906  and  1909,  p.  197-206,  1910. 
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is  an  essential  oi^anism  in  the  making  of  swiss  cheese^  and  hs^ 
been  shown  to  play  a  part  in  the  ripening  of  cheddar  cheese.^ 
The  development  of  this  practically  pure  culture  of  B.  hidgaricus 
in  pasteurized  whey  may  well  be  the  cause  of  the  improvement  in 
the  quality  of  the  cheese  which  has  been  noted  ^  after  pasteuriza- 
tion has  been  introduced. 

Unfortunately,  only  one  chance  was  found  to  obtain  samples  of 
unpasteurized  whey  under  conditions  similar  to  those  just  described. 
In  this  case  as  already  described  (pages  22S-30)  the  conditions  in  the 
whey  tank  at  the  time  the  farmers  secured  their  whey  were  as  bad  as 
they  possibly  could  be.  The  organisms  present  were  of  a  mixed  lot 
with  a  predominant  B.  biUgaricus  flora  but  with  very  large  numbers  of  a 
yeast  and  of  other  organisms.  The  presence  of  the  yeast  in  addition 
to  the  B.  btdgaricus  was  especially  interesting  as  no  instance  had  been 
noted  where  such  organisms  were  seen  in  the  pasteurized  whey.  If 
time  had  permitted,  this  finding  would  have  been  investigated  farther, 
as  yeasts  are  suspected  to  cause  sweet  flavors  and  other  "off-flavors" 
of  cheese  *  Because  of  the  fact  that  the  yeast  failed  to  develop  on 
the  plates  it  could  not  be  isolated  for  further  study  and  identification. 

CAITSES    of    inefficient  PASTEURIZATION. 

One  practice  which  seems  general  in  those  cheese  factories  which 
make  whey  butter  is  that  of  adding  the  separator  slime  and  wash 
water  to  the  whey.  This  is  usually  done  after  the  whey  has  been 
heated  and  has  begun  to  cool  so  that  the  added  material  is  not 
sufficiently  heated  to  pasteurize  it.  This  is  a  very  unsatisfactory 
practice,  as  such  material  is  richly  supplied  with  bacteria.  The 
addition  of  this  material  to  the  pasteurized  whey  made  a  marked 
difference  in  the  plate  count  made  from  the  whey  in  all  of  those  casep 
where  this  condition  was  present.     (Factory  B,  C  and  D.) 

"  See  the  following  for  a  recent  discussion  of  the  part  played  by  BaciUus  Indgarieui 
in  the  making  of  swiss  cheese  and  for  references  to  we  most  important  papers  on  the 
subject. 

Doane,  C.  F.,  and  Eldredge,  E.  E.    The  use  of  BaciUuB  htdgaricuB  in  starters  for 
making  Swiss  or  Emmental  cheese.    U.  S.  Dept.  Agr.,  Bui.  148,  16.  pp.    1915. 

M  Hastings,  £.  Q.,  Evans,  Alice  C,  and  Hart,  E.  B.  Studies  on  the  factors  con- 
cemed  in  the' ripening  of  cheddar  cheese.  Wis.  Agr.  Exp.  Sta.,  Res.  Bui.  25,  54  pp. 
6  figs.   1912. 

"  Page  15  in  first  reference  given  in  footnote  4. 

"  Harding,  H.  A.,  Rogers,  L.  A.,  and  Smith,  G.  A.  Notes  on  some  dairy  troubles. 
N.  Y.  Agr.  Exp.  Sta.  Bui.  183,  pp.  173-193.    1900. 

Russell,  H.  L.,  and  Hastings,  E.  G.     A  swiss  cheese  trouble  caused  by  a  gas  form- 
ing yeast.    Wis.  Agr.  Exp.  Sta.,  Bui.  128,  26  pp.,  10  figs.  1905. 
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Another  unsatisfactory  practice  is  caused  by  the  fact  that  patrons 
often  show  a  liking  for  more  than  their  share  of  the  whey.  Since  the 
operator  frequently  has  no  way  of  checking  up  the  amount  of  whey 
taken,  he  usually  meets  the  difficulty  by  adding  sufficient  water  to 
give  all  the  whey  desired.  This  dilutes  and  cools  the  whey,  making 
the  pasteurization  unsatisfactory  in  many  cases.  One  factory,  as  a 
remedy  for  this  condition,  installed  one  of  the  simple  systems  of 
tshecking  up  the  amount  of  whey  taken  by  each  patron. 

Another  cause  of  inefficiency,  which  was  found  especially  in  those 
factories  which  used  the  double-jetting  system  of  pasteurization,  was 
uncertainty  in  getting  sufficiently  high  temperatures  to  pasteurize. 
The  whey  may  be  heated  hot  enough  to  pasteurize  at  the  second  jet 
pump  but  cools  in  running  through  the  pipes  to  the  whey  tank  or  is 
cooled  by  the  tank  itself.  The  latter  condition  is  especially  trouble- 
some in  cold  weather.  Since  factories  which  have  the  double- 
jetting  system  rarely  have  any  supplementary  system  by  which  the 
whey  in  the  tank  can  be  heated,  they  usually  pasteurize  very 
inefficiently.  These  conditions  may  be  remedied  by  better  insulation 
of  the  pipes  and  tank  or,  better,  by  running  a  steam  pipe  into  the 
whey  tank.  The  double-jetting  system  of  pasteurization  has  one 
marked  advantage  in  that  a  careless  or  unreliable  operator  cannot 
fail  to  use  it. 

A  method  by  which  thoroughly  satisfactory  results  can  be  secured 
under  all  conditions  is  that  of  steaming  the  whey  in  the  tank  whether 
combined  with  jetting  or  alone.  With  sufficient  boiler  capacity,  the 
whey  can  be  heated  to  any  required  temperature  at  a  very  low  cost. 
Sufficiently  high  temperatures  were  also  obtained  very  easily  and 
satisfactorily  by  means  of  the  Victor  pasteurizer. 

B.  SKIM  MILE  PASTEURIZATION. 

The  satisfactory  pasteurization  of  skim  milk  is  a  somewhat  different 
problem  from  that  of  pasteurizing  whey.  In  the  majority  of  cases 
the  skim  milk  is  returned  to  the  patrons  immediately  after  separation 
and  on  the  same  morning  that  the  milk  is  delivered.  This  ordinarily 
necessitates  the  use  of  a  flash  pasteurization  system.  The  milk  is 
usually  turned  back  to  the  patrons  hot  because  of  the  added  expense 
involved  in  cooling. 

It  was  not  surprising  to  find  that  the  pasteurization  was  very 
poorly  carried  out  at  one  of  the  skimming  stations  which  was 
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visited.  Samples  were  taken  at  this  factory  (I,  see  Table  IX) 
on  two  consecutive  days.  Three  sets  of  samples  were  taken  on  each 
day  at  different  periods  during  the  pasteurization  process.  A  Reid 
flash  pasteurizer  was  in  use  and  the  skim  milk  was  pumped  into  a  tank 
after  pasteurization.  The  patrons  drew  the  warm  milk  from  this 
tank  into  their  unsterilized  milk  cans.  The  temperature  stated  to  be 
in  use  for  pasteurization  was  160°  F.  but  on  the  first  day  on  which 
samples  were  taken  the  temperatures  ranged  between  143  and  152**  F. 
On  the  second  day,  higher  temperatures  were  used,  by  request, 
ranging  from  144°  to  170°.  Gross  contamination  of  the  pump, 
pipes  or  tank  or  of  all  of  these  is  indicated  by  the  results  secured  on 
the  first  day.  It  is  interesting  to  note  that  this  contamination 
became  less  and  less  as  the  process  was  continued,  a  result  undoubt- 
edly due  to  the  washing  and  pasteurizing  effect  of  the  hot  milk. 
The  results  obtained  on  the  second  day  likewise  indicate  the  con- 

Table  IX. —  Effictenct  Tests  of  Skim  Milk  Pasteurization  at  Factory  I 

BT  Means  of  A  Reid  Flash  Pasteurizer. 


Oi  o 


217 
218 
219 

220 
221 
222 

223 
224 
225 


226 
227 
228 

229 
230 
231 

232 
233 
234 


Time 
taken. 


7:20 


7:50 


8:15 


7:20 


7:45 


8:15 


Material. 


September  23,  1915. 

Raw  skim  milk 

Pasteurized  skim  nulk 

Pasteurized  skim  milk  after  pumping 


Raw  skim  milk 

Pasteurized  skim  milk 

Pasteurized  skim  milk  after  pumping. 


Raw  skim  milk 

Pasteurized  skim  milk 

Pasteurized  skim  milk  after  pumping 


September  24,  1915. 

Raw  skim  milk 

Pasteurized  skim  milk 

Pasteiirized  skim  milk  after  pumping 


Raw  skim  milk 

Pasteurized  skim  milk 

Pasteurized  skim  milk  after  pumping. 

Raw  skim  milk 

Pasteurized  skim  milk 

Pasteurized  skim  milk  after  pumping. 


Tempera- 
ture. 


Degs.F. 
i52 


143 


144 


144 


162 


170 


Plate 
count. 


1,050,000 

63,000 

1,210,000 

5,400,000 
450,000 
970,000 

7,000,000 
480,000 
251,000 


18,500,000 
560,000 
450,000 

1,000,000 

8,500 

55,000 

420,000 

500 

1,600 
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tamination  of  the  same  utensils  but  they  caused  less  increase  in  the 
count  because  the  hotter  temperatures  killed  more  bacteria. 

A  large  butter  factory  and  by-products  plant  (Factory  J)  which 
turns  some  skim  milk  back  to  the  patrons  was  visited.  At  this  plant, 
which  was  arranged  similarly  to  several  other  plants  operated  by  the 
same  company,  the  skim  milk  from  the  separators  is  pumped  through 
about  60  feet  of  two-inch  pipe  to  a  tank  on  the  second  floor  where  it 
is  heated  with  a  Wizard  agitator  to  a  temperature  of  150  to  160°  F., 
held  at  that  temperature  30  minutes,  cooled  by  running  water  to 
about  SOP  F.  and  ^ven  back  to  the  patrons  the  next  morning  after 
standing  about  20  hours.  Bacteriological  analysis  of  samples  taken 
on  November  23  during  this  process  gave  the  following  results: —  raw 
skim  milk,  616,000  per  cubic  centimeter;  heated  to  155''  F.,  162,000; 
held  at  155^  F.  for  30  minutes,  43,000;  cool^  and  stood  20  hours, 
75.000. 

The  two-inch  delivery  pipe  was  sterilized  each  day  by  blowing 
steam  through  it.  The  steam  was  admitted  through  a  f-inch  pipe 
near  the  pump.  As  an  experiment  the  steam  was  turned  into  the 
pipe  when  skim  milk  was  being  pumped  to  the  pasteurizing  tank. 
At  that  time  one  separator  with  a  capacity  of  3,500  pounds  per  hour 
was  running.  The  milk  from  this  separator  was  heated,  by  opening 
the  steam  valve  very  little,  so  that  it  had  a  temperature  of  175  to 
180°  F.  as  discharged  from  the  pipe  60  feet  from  the  steam  con- 
nection. The  raw  skim  milk  at  this  time  gave  a  count  of  1,500,000. 
After  heating  as  described,  standing  in  the  tank  a  few  minutes  and 
being  drawn  into  an  unwashed  milk  can  at  a  temperature  of  146°  F. 
the  count  was  29,200,  a  percentage  reduction  of  98.  This  same  can 
of  milk  after  standing  30  hours  in  the  factory  at  a  temperature  of 
about  70°  F.  was  not  sour,  but  microscopic  examination  showed  large 
numbers  of  bacteria  present,  principally  Biuierium  lactis  acidi  with 
some  Bacillus  bulgarieuB  and  other  forms.  At  the  end  of  48  hours 
the  milk  had  curdled  and  a  microscopic  examination  showed  that 
B,  hulgaricus  had  become  the  predominant  form. 

A  device  *^  similar  to  the  one  recommended  by  the  Pennsylvania 
State  Livestock  and  Sanitary  Board  was  installed  at  Factory  K 
(shipping  and  skimming  station  combined).  This  device  consists 
of  a  steam  jet  pump  to  lift  the  milk  and  an  additional  steam  pipe 
connected  to  the  discharge  in  such  a  way  that  more  steam  can  be 
added  to  the  milk  after  it  is  past  the  jet,  thus  heating  it  to  the  required 

"  See  footoote  7. 
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temperature.  The  jet  pump  used  in  this  instance  was  too  lai^e  for 
the  supply  of  skim  milk  and  could  not  be  operated  continuously, 
but»  by  allowing  a  surplus  to  accumulate,  a  temperature  of  180^  T. 
could  be  obtained.  A  smaller  pump  or  sufficient  milk  to  allow  con- 
tinuous operation  would  have  overcome  this  difficulty.  In  this 
case  an  objection  to  the  device  arose  because  of  the  froth  produced 
on  the  milk.  This  made  it  difficult  to  fill  the  cans.  Various  devices 
or  arrangements  of  piping  might  have  been  used  ^  to  overcome  this 
difficulty  if  time  had  permitted  the  attempt  to  be  made. 

So  far  as  these  studies  show,  there  are  two  general  methods  of 
pasteurizing  skim  milk  satisfactorily.  One  is  the  holding  process 
with  subsequent  cooling,  returning  the  milk  to  the  patrons  the  next 
morning.  This  is  a  comparatively  expensive  process  because  of  the 
cost  of  equipment  and  cpoling,  and  one  which  may  give  unsatisfactory 
results  unless  carefully  controlled.  Another  method  is  to  heat 
by  the  flash  system,  using  either  a  regular  market  milk  pasteurizer 
or  a  device  by  which  the  condensed  steam  is  added  to  the  skim  milk. 
Where  the  milk  is  heated  and  turned  back  immediately,  the  most 
satisfactory  procedure  is  to  turn  the  skim  milk  into  the  patrons' 
cans  at  a  temperature  that  will  remain  above  145^  F.  for  30  minutes 
or  more.  This  will  destroy  the  greater  number  of  the  bacteria 
remaining  in  the  can  and  the  milk  will  remain  in  good  condition 
long  enough  for  convenient  feeding.  If  the  farmer  cools  the  milk 
in  the  cans  after  returning  to  the  farm,  the  keeping  qualities  of  the 
milk  will  be  increased. 

Fears  have  been  expressed  that  pasteurization  at  these  hi^ 
temperatures  would  kill  the  lactic  acid  bacteria  and  cause  the 
development  of  undesirable  putrefactive  organisms  in  the  pasteurized 
skim  milk.  This  was  not  the  case  in  the  single  instance  where  the 
matter  was  tried  and  there  is  good  reason  to  believe  that  B,  bvlgaricus 
would  ordinarily  develop  in  the  hot  skim  milk  as  has  been  shown  to 
be  the  case  with  pasteurized  whey. 

^  Page  5  in  oeoond  reference  given  in  footnote  4. 
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FURTHER  STUDIES  ON  THE  SPREAD  AND  CON- 

TROL  OF  HOP  MILDEW.  ♦ 

F.  M.  BLODGETT. 

SUMMARY. 

I.  Hop  mildew  first  caused  serious  damage  to  hops  ia  New 
Toik  State  in  1909,  since  which  time  it  has  gained  steadily  in  in^or- 
taace  and  become  a  constant  menace  to  the  crop. 

3.  The  perithecia  or  winter  fruit-bodies  of  the  hop-mildew  fungus 
ha^  been  found  to  reach  maturity  in  March  and  have  been  shown 
to  be  capable  of  causing  infection  in  the  greenhouse  at  that  time 
of  file  year. 

3.  Jn  artificial  inoculation  experiments,  the  time  elapsing  between 
Ae  sowing  of  spores  of  hop  mildew  on  hop  leaves  and  the  appearance 
of  a  fair-sized  mildew  spot  was  found  to  be  about  ten  days. 

4.  It  has  been  observed,  also,  that  fresh  mildew  spots  appear  in 
apuroiimateiy  ten  days  after  each  rain.  This  leads  to  the  inference 
that  infection  occurs  during  periods  of  wet  weather,  and  indicates 
die  advisability  of  applying  sulphur  as  soon  as  possible  after  such 
periods  in  order  to  destroy  tiie  developuig  colonies  of  mildew. 

5.  During  the  past  three  years  tiiere  have  been  made  a  con- 
sidemble  number  of  experiments  in  which  flowers  of  sulphur, 
heavy  flour  sulphur  and  fine  flour  sulphur  have  been  compared 
wiA  respect  to  tiieir  eflSiciency  in  tiie  control  of  hop  mildew.  Jn 
1913  and  19131  control  with  all  three  kinds  of  sulphur  was  so  nearly 
perfect  that  Uttie  difference  could  be  detected  even  tiiough  the 
loss  from  mildew  on  the  untreated  plats  ranged  from  50  to  100 
per  ct  In  19141  conditions  were  generally  more  unfavorable 
for  suturing  and  tiie  tests  of  different  kinds  of  sulphur  therefore 
more  severe.  Under  tiiese  conditions  tiie  average  percentage 
of  hops  free  from  mildew  on  the  unsulphured  portions  of  six  yards 
was  only  5,  vrtiile  on  tiie  treated  portions  it  was  78.  The  per- 
centage of  hops  so  badly  mildewed  as  to  be  worthless  on  the  unsul- 
phured portions  of  tiie  six  yards  was  61  while  on  the  sulphured 
poctioiis  it  was  only  5. 

*  A  reprint  of  BidMn  No.  305,  February,  1916. 
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The  average  percentage  of  hops  free  from  mildew  on  fhe  portioiu 
of  tiiese  yards  treated  with  flowers  of  sulphm'  was  68,  on  tiie  portions 
treated  witii  heavy  flour  sulphur  82  and  with  fine  flour  sulphur  83. 

6.  Flowers  of  su^ur  has  been  found  to  be  very  variable  in 
mechanical  condition.  Some  it  was  impossible  to  apply  satis- 
factorily. This  sulphur  in  poor  condition  has  been  found  to  contain 
considerable  amounts  of  sulphuric  acid,  which  appears  to  be  the 
cause  of  the  trouble.  Extremely  fine  flour  sulphur  has  proven 
rather  diflteult  to  sieve  and  apply.  Flour  sulphur  of  a  medium 
degree  of  fineness  seems  to  be  equally  eflSicient,  easier  to  handle, 
and  cheaper.  Coarse  flour  sulfur  containing  littte  or  no  fine 
sulphur  is  to  be  avoided. 

7.  Practical  control  has  been  successfully  accomplished  on  a 
large  scale  by  hop  growers'  cooperative  associations.  About 
seventeen  hundred  acres  of  hops  have  been  included  in  such  woft 
wittiin  fhe  last  three  years.  The  average  amount  of  sulphur  used 
per  acre  for  flie  season  has  been  approximately  190  pounds.  There 
has  been  a  large  variation  in  the  amount  necessary  to  secure  control 
In  individual  yards  and  also  in  the  same  yards  in  different  years. 
The  average  for  the  Waterville  association  in  igza  was  165  pounds 
of  sulphur  per  acre,  in  1913,  z6o  pounds,  and  in  19x4,  249  pounds. 
The  average  expense  of  sulphuring  has  been  about  ei^^  dollars 
per  acre  per  season. 

INTRODUCTION. 

CX)NTINXJED  IMPORTANCE  OF  THE  DISEASE. 

The  appearance  of  the  hop  mildew  {Sphaerotheca  humuli)  in  a 
few  hop  yards  in  1909  has  been  followed  each  year  by  reports  of 
damage  done  in  new  districts,  until,  in  1912,  no  hop  growing  district 
in  New  York  State  seemed  to  have  been  missed  although  these 
districts  are  rather  widely  separated.  It  was  first  reported  in 
Waterville  in  1909;^  in  1910,  it  was  quite  serious  also  at  Middleburg; 
in  1911,  it  became  serious  in  the  Milford  valley  and  about  Coopers- 
town;  and  in  1912  it  did  serious  damage  about  Malone  in  the  extreme 
northern  part  of  the  State  and  in  the  hop-growing  section  about 
Canandaigua  lake,  both  comparatively  isolated  districts.  During 
1913,  badly  mildewed  leaves  and  hops  were  received  from  a  hop 

\ASL'^*^^^  of  the  early  history  of  hop  nuldew  in  New  Yofk  is  gmn  by  Stewart 
Mid  Whetiel  on  p.  356  of  BuUetin  328  of  this  Station. 


^-    - 1 


New  York  Agricultural  Experiment  Station.         241 

grower  in  Foumier,  Ontario,  Canada,  who  had  lost  about  foiu 
torn  of  hops.  The  disease  was  noticed  in  that  section  for  the  first 
time  about  July  27  of  the  same  year. 

The  damage  by  mildew  was  probably  greatest  in  1912.  During 
that  year  the  losses  in  New  York  State  could  scarcely  have  been  less 
than  one-third  million  dollars.  In  1913  conditions  were  much 
better,  yet  heavy  losses  occurred  in  some  districts  where  little 
sulphuring  had  been  done.  Although  the  year  1914  proved  to  be 
oue  in  which  the  mildew  was  difficult  to  combat,  the  writer  believes 
that  the  average  losses  due  to  mildew  were  little  if  any  greater  than 
in  the  year  previous.  In  fact,  in  some  sections,  the  control  was 
decidedly  better,  due  to  the  extension  of  sulphuring  operations. 
That  such  an  extension. actually  occurred  is  evidenced  by  the  fact 
that  more  than  eighty  new  dusting  machines  were  put  in  operation 
and  about  one-half  more  sulphur  was  used  in  the  State  than  during 
the  year  previous. 

INJURY  BY  HOP  APHID  IN  1914. 

Unfortunately,  the  latter  part  of  the  season  of  1914  proved 
favorable  also  for  the  hop  aphid.  Early  in  the  season  this  insect 
seemed  comparatively  scarce  in  most  yards,  but  late  in  July  and 
throughout  August,  its  numbers  increased  rapidly.  At  this  time 
the  hops  were  formed  and  the  aphids  in  many  cases  had  penetrated 
between  the  bracts,  so  that  it  seems  doubtful  whether  effective 
spraying  could  have  been  done  after  the  conditions  had  become  at 
all  alarming.  Once  inside  the  hops,  the  aphids  continued  to  increase 
up  to  picking  time,  producing  the  usual  honey-dew,  accompanied 
by  a  black  mold.  This  mold  and  honey-dew  seriously  afifected  the 
appearance  of  the  hops  and  where  the  aphid  attack  came  early  the 
hops  were  much  dwarfed.  Thus,  the  aphid  contributed  to  make 
the  1914  crop  of  hops  for  New  York,  the  poorest  for  several  years. 

SCOPE  OF  THIS  WORK. 

The  work  reported  in  this  bulletin  is  a  continuation  of  investi- 
gations and  experiments  conducted  under  the  direction  of  Cornell 
University  Station  from  1910  to  1912  and  published  in  Bulletin  No. 
328  of  that  station.  It  has  seemed  desirable  to  continue  the  test- 
ing of  control  measures  in  order  to  learn  under  what  conditions  ihey 
will  prove  effective  and  whether  they  may  be  relied  upon  under  the 
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different  weather  conditions  always  experienced  in  a  period  of 
several  years.  At  the  same  time,  some  studies  and  observations 
have  been  made  on  certain  phases  of  the  life  history  of  the  mildew 
fungus,  which,  it  is  believed,  have  an  important  bearing  on  the 
method  of  control.  Practical  control  measures  have  been  carried 
out  on  a  large  scale  by  hop-growers  in  cooperative  associations. 
Statistics  of  this  work  are  thought  to  be  valuable  as  a  measure  of  the 
practicability  of  these  control  methods.  These  things  are  here 
considered  because  it  is  believed  that  they  will  contribute  to  a 
better  understanding  of  the  disease  and  its  control. 

OBSERVATIONS  ON  LIFE  HISTORY  OF  THE  FUNGUS. 

MATURATION  AND  DEHISCENCE  OF  THE  PERITHECU. 

Sahnon^  has  described  the  dehiscence  of  the  perithecia  of  this 
fungus.  He  gathered  hop  leaves  bearing  perithecia  in  January 
and  found  that,  after  they  had  been  kept  three  or  four  months  in 
the  dry  condition,  they  would  dehisce  if  placed  in  water.  The 
writer  has  found,  on  the  contrary,  that  perithecia  on  leaves  and  hope 
collected  during  the  springs  of  1913  and  1914  were  in  condition  to 
dehisce  at  once  without  being  kept  under  dry  conditions.  When 
collected  early  in  the  winter  they  dehisced  better  if  kept  out  of 
doors  under  as  nearly  natural  conditions  as  possible.  Parts  of  vines 
bearing  mildewed  hops  and  leaves  were  collected  in  two  localities 
on  April  4, 1913.  Most  of  these  were  taken  from  vines  that  had  been 
stripped  from  the  poles  and  lay  in  piles  on  the  groimd  over  winter. 
When  brought  into  the  laboratory  on  April  6,  perithecia  from  both 
lots  were  found  to  be  in  a  condition  to  dehisce  at  once;  and  when 
last  tried,  on  May  21,  they  were  still  capable  of  dehiscing. 

During  the  winter  of  1913-14  several  lots  of  perithecia  were 
secured  that  were  capable  of  dehiscence.  One  lot,  collected  about 
the  middle  of  November  from  hops  grown  in  the  greenhouse,  was 
placed  out  of  doors  in  a  protected  place.  Another  collected  near 
Index  on  December  10  from  a  yard  ruined  by  mildew,  was  divided 
into  two  parts,  one  of  which  was  placed  out  of  doors,  and  the  other 
kept  in  the  laboratory.  Trials  made  early  in  December  with  peri- 
thecia from  the  hops  taken  from  the  greenhouse  and  placed  out  of 

'  Salmon,  E.  S.    Notes  on  hop  mildew  (SphaeroOuca  HttmiU  (DC.)  Burr.). 
A^.  5a.  2:327-^332.    1907. 
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doors  in  November  indicated  that  some  were  nearly  ready  to  dehisce. 

That  is,  the  peritfaecial  wall  burst  in  a  number  of  cases  and  the  ascus 

inside  swelled  to  the  dimensions  usually  attained  before  the  expulsion 

of  spores.  However,  dehiscence  did  not  actually  take  place  in  any 
observed  instance.  Leaves  of  the  same  lot  bearing  perithecia  were 
brou^t  into  the  laboratory  on  January  20.  At  this  tune,  within 
toi  minutes  after  placing  in  water,  many  perithecia  were  foimd  with 
their  walls  split  at  the  apex  and  the  asci  swollen  to  the  size  of  the 
original  perithecia.  From  a  few  the  spores  had  been  discharged 
at  the  end  of  thirty  minutes. 

Of  the  hops  collected  at  Index  on  December  10  and  placed  out  of 
doors  at  Ithaca,  some  were  brought  in  on  February  20,  but  the 
perithecia  did  not  seem  ready  to  dehisce  immediately.  When  they 
were  placed  on  moist  blotting  paper  in  a  petri  dish,  dehiscence  took 
place  in  the  course  of  three  days,  and  spores  were  found  on  a  slide 
suspended  above  them.  Others  brought  in  on  March  24  and  treated 
similarly  were  found  to  have  dehisced  on  the  26th  and  in  some 
instances  the  ascospores  had  germinated  and  the  germ  tube  had 
gn>wn  to  two  or  three  times  the  length  of  the  spore.  Dehiscence 
took  place  more  rapidly  in  the  case  of  perithecia  from  hops  left  out 
of  doors  until  April  14. 

Another  lot  of  leaves  and  hops  bearing  perithecia  was  collected 
from  the  same  field  at  Index  on  March  27,  1914.  These  dehisced 
teadily  on  being  brought  to  the  laboratory  and  placed  in  water. 

Frequent  trials  were  made  during  the  two  years  with  perithecia 
from  leaves  and  hops  brought  into  the  laboratory  and  left  several 
weeks  in  the  dry  condition.  No  improvement  in  the  dehiscence 
was  ever  noticed  from  this  treatment.  Perithecia  which  were  not 
capable  of  dehiscing  when  brought  mto  the  laboratory  did  not 
become  so  later  by  being  kept  in  a  dry  condition. 

These  observations  seem  to  indicate  that  perithecia  are  mature 
ftod  ready  to  discharge  the  spores  which  cause  infection  as  soon  as 
the  weather  is  sufficiently  warm  and  moist. 

The  manner  of  dehiscence  of  perithecia  has  been  repeatedly 
observed  by  the  author.  Within  a  few  minutes  after  being  placed 
in  water,  the  perithecia  begin  to  split  at  the  apex.  The  tip  of  the 
ascus  immediately  slips  out  through  this  slit  pushing  it  wider  open. 
The  ascus  continues  to  swell,  though  apparently  restrained  by  the 
friction  of  the  walls  of  the  perithecium,  until  sufficient  pressure  is 
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developed  to  enable  it  to  slip  farther  out,  usually  with  a  rather  sudden 
movement.  However,  the  basal  end  of  the  ascus  remains  within  the 
peritheciiun  throughout  the  process  of  dehiscence  as  described  by 
Salmon.  Frequently,  the  splitting  of  the  perithecium  and  the 
swelling  of  the  ascus  to  near  the  bursting  point  occupies  only  a 
few  minutes.  Usually  a  longer  period,  sometimes  a  half  hour  or 
more,  then  elapses  before  sufficient  tension  is  developed  to  effect 
the  rupturing  of  the  tip  of  the  ascus.  The  spores  are  then  suddenly 
shot  out  and  the  ascus  collapses,  allowing  the  perithecium  to  close 
partially. 

In  April,  1913,  a  few  tests  were  made  to  determine  the  hei^t  to 
which  spores  are  shot.  Pieces  of  old  leaves  and  hops  were  placed  in 
the  bottom  of  a  moist  chamber  with  slides  supported  above  them. 
In  one  case  where  a  slide  was  placed  so  as  to  be  5  milUmeters 
above  the  pmthecia  at  one  end  and  9  millimeters  at  the  other, 
spores  were  caught  throughout  its  length.  In  another  case  they 
were  caught  on  a  slide  1  centimeter  above  the  perithecia,  but  much 
more  abundantly  on  another  sUde  at  a  height  of  5  millimeters. 
Frequent  cases  were  recorded  where  the  spores  were  shot  to  a  hd^t 
of  5  millimeters. 

INOCULATION  EXPERIMENTS  WTTH  ASCOSPORES. 

The  inoculation  experiments  here  recorded  were  made  on  hop 
plants  in  a  greenhouse  at  Ithaca.  In  the  spring  of  1913  two  series 
of  inoculations  were  made  —  one  with  ascospores  caught  on  glass 
slides  placed  above  perithecia,  the  other  with  the  perithecia  them- 
selves. Two  others,  with  perithecia,  were  made  in  the  spring  of 
1914.  In  all  four  series  of  inoculations  both  the  inoculated  plants 
and  the  check  plants  were  covered  with  bell  jars  for  about  36  hours 
after  inoculation.  No  mildew  occurred  on  any  of  the  check  plants 
and  there  was  no  mildew  on  any  hop  plants  in  the  greenhouse  previous 
to  the  time  of  the  first  inocidation  in  either  year.  The  perithecia 
used  for  inoculation  were  taken  from  hop  leaves  over-wintered  out 
of  doors.  Spots  became  visible  on  inoculated  leaves  in  7  or  8  days 
in  each  case.  At  the  end  of  10  days  or  2  weeks,  the  Efpots  had 
increased  in  size  so  as  to  be  easily  seen  at  some  distance  and  were 
comparable  in  size  with  spots  easily  discoverable  in  the  field.  Such 
a  spot  10  days  old  as  seen  througha  microscope  is  shown  in  Plate  X, 
fig.  1.    The  mycelium  showing  faintly  may  be  seen  spreading  in 
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an  directions  from  a  common  center.  In  the  center  of  the  spot 
oould  sometimes  be  discovered  the  ascospore  from  which  the  spot 
started  with  four  or  five  mycelial  strands  running  out  from  it.  The 
mature  oonidiophores  may  be  seen  in  Plate  X,  fig.  2  in  the  center  of 
the  spot  with  a  gradation  to  the  youngest  beginnings  of  conidio- 
phores  toward  the  periphery  of  the  spot.  The  branching  mycelium 
extends  far  beyond  the  point  where  conidiophore  formation  has  begun. 
Eaiiier  examinations  of  leaves,  inoculated  at  the  same  time,  showed 
that  at  the  end  of  three  days  conidial  formation  had  not.  yet  begun 
in  most  instances,  but  that  the  spot  consisted  of  fine  mycelial  fila- 
ments ^reading  and  branching  in  every  direction  from  the  original 
ascospore.  At  the  end  of  six  days,  the  mycelium  had  spread  and 
branched  more  extensively  and  usually  a  few  (5  to  10)  conidiophores 
had  been  formed  in  the  center.  The  formation  of  conidiophores 
IB  the  principal  factor  in  making  the  mildew  spots  apparent  to  the  eye. 

HOP  MILDEW  AND  STRAWBERRY  MILDEW. 

An  interesting  observation  was  made  during  the  early  part  of  the 
season  of  1914.  On  a  hop  farm  near  Cooperstown,  part  of  the 
yards  had  been  plowed  up  two  or  three  years  previously  and  on 
about  an  acre  of  this  land  strawberries  had  been  set  in  1913.  At 
the  same  time,  as  is  usual,  many  of  the  old  hop  roots  had  not  been 
entirely  ranoved,  so  that  living  hop  plants  were  scattered  through 
the  yard  among  the  strawberries.  On  June  12  the  writer's  attention 
was  directed  to  this  bed  of  strawberries  which  at  that  time  appeared 
severely  affected  with  powdery  mildew.  Search  was  then  made  of 
the  bearing  hop  yards  remaining  on  the  place  and  also  of  the  vines 
intimately  entangled  with  the  strawberries  without  finding  any 
mildew  yet  on  the  hops.  The  fact  that  the  strawberries  were  so 
thoroughly  infested  with  mildew  when  none  could  be  foimd  on  the 
hops  interwoven  with  them  indicates  that  the  mildew  on  the  straw- 
berry ia  a  different  biologic  form  of  Sphaerotheca  hurmtli  from  that 
on  the  hop.  This  is  in  accord  with  the  view,  now  generally  accepted, 
that  the  hop  mildew  is  a  specialized  biologic  form  which  is  con- 
fined to  the  hop  and  its  near  relative,  Hurmitus  japonicua} 

'  Salmon,  E.  8.  On  the  specialisation  of  parasitism  in  the  Erydphaceae  U.  Ntw 
PMo<.  3:118-121.    1904. 

Sahnon,  E.  S.  Notes  on  the  hop  mildew  {SphaeroOneoaHumuii  (DC.)  Bnrr).  Jcut, 
ir.  &».  2:330-332.    1907. 

Steiner,  J.  A.  Die  Spesialisatlon  der  Alehimillen-bewohnenden  8pha8tolhKa 
EvmuU  (DC.)  Burr.    CetM.  Baki,  [etc.]  2:21:677-736.    1908. 
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RELATION  OF  SPREAD  OF  MILDEW  TO  WEATHER. 

REVIEW  OF  LITERATURE. 

In  the  early  history  of  this  disease,  as  probably  with  most  others, 
many  and  varied  were  the  attempts  to  ascribe  it  to  some  kind  of 
weather.  This  proved  easy  enough  for  one  year  at  a  time,  but  in 
the  course  of  time,  as  seasons  varied,  it  has  been  charged  against 
nearly  all  possible  kinds  of  weather.  To  quote  a  few  of  these, 
Rutley*  says,  "The  mold  is  most  prevalent  in  moist  and  warm 
summers."  Paine  ^  writes,  "  We  believe  it  to  be  a  parasitical 
v^etable  fungus,  usually  generated  in  wet  seasons  and  damp  situa- 
tions." Whitehead  •  in  various  papers  has  offered  theories  and 
observations.  In  1881  he  states,  "  It  is  commonly  believed  that 
the  hop  plant  is  predisposed,  by  an  unhealthy  and  abnormal  con- 
dition, to  be  affected  by  mildew  or  mould;  ...  A  sudden  check, 
caused  by  spring  frosts  or  cold  weather,  may  bring  about  this  pre- 
disposition." In  a  later  paper  (1887)  he  writes,  "In  1860,  the 
wettest  sununer  of  the  present  century,  the  entire  crop  upon  thousands 
of  acres  was  utterly  ruined  by  it.  In  this  last  simuner,  one  of  the 
most  dry  of  this  century,  many  hop  grounds  yielded  nothing  on 
account  of  its  attacks  upon  the  cones."  In  1910,  Percival  ^  writes, 
"  If  the  nights  are  cold  and  damp  and  the  hop  plants  in  a  backward 
or  weakened  condition,  the  patches  soon  increase  in  size."  In 
another  place  in  this  article  he  seems  willing  to  attribute  the  attacks 
of  mildew  to  nearly  any  kind  of  weather;  he  says,  "  Anything  which 
reduces  the  vitality  of  the  hop  —  such  as  cold  damp  nights,  long 
continued  drought,  or  wet  weather  and  lack  of  proper  sunshine  and 
fresh  air  —  indirectly  aids  mold  in  its  ravages."  Salmon  *  speaking 
of  SphaeroOieca  humvii  occurring  on  strawberry  writes,  "  As  regards 
the  climatic  conditions  favorable  to  the  disease,  there  seems  to  be  a 
consensus  of  opinion  among  gardeners  that  these  are  to  be  found  in 

^RuUey,  Samuel.    On  the  best  mode  of  munagmg  hops  in  its  various  braneheB. 
Jour.  Roy.  Agr.  Soc.  9:532-582.     1848. 

'Paine,  J.  M.    Hop.    A  Cyclopedia  of  Agriculture,  London  (Blackie  and  Son), 
p.  67.    1856. 

•  Whitehead,  Chas.    Hope.    p.  55.     1881. 

Whitehead,  Chas.    The  hop  mildew  or   *'  mould,''    Podosphaera    eaaiagnei   L^v 
Ann.  Rpt.  Great  Britain  Agr.  Advisor  1887:33-12. 

^  Percival,  John.    Hop  mildew.    Agricultural  Botany,  Theoretical  and  Practical, 
pp.  749-756.    1910. 

'Salmon,    E.    S.    The   strawberry   mildew    (Sphaerotheca  HumiUi  (DC.)  Burr.). 
Jout.  Roy.  Hon.  Soc.  (London)  25:132>138.    1900-1901. 
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sudden  alterations  of  temperature,  especially  in  a  decrease  of  tem- 
perature during  the  night,  or  a  cooler  temperature  followed  by  hot 
weather."  He  also  foimd  that  conidia  germinated  better  after 
bdng  cooled  for  a  time.  According  to  Norton  ^  the  spread  of  rose 
mildew  is  favored  in  the  greenhouse  by  drafts  of  cool  air  coining 
in  at  ventilators,  crevices,  broken  glass,  etc.  Bondarzew  *®  concludes 
from  germination  and  inoculation  experiments  with  conidia  of 
S.  humuli  on  hop  in  May,  when  the  temperature  was  low  and  the 
weather  moist,  and  in  June,  when  the  temperature  was  high  (20- 
25®  C.)  and  weather  moist,  that  warm,  moist  weather  is  favorable 
for  the  development  of  this  fungus.  Ward  ^^  in  1901  has  expressed 
a  similar  opinion  in  regard  to  wet  weather:  ''  It  is  only  in  certain 
seasons,  when  the  air  is  damp  for  some  time,  that  these  conidial 
segments  are  developed  in  any  quantity,  but  when  such  is  the  case 
they  are  so  numerous,  and  so  easily  carried  from  plant  to  plant, 
that  no  wonder  need  be  expressed  at  the  rapid  spread  of  the  disease; 
moreover  it  is  in  just  such  seasons  that  the  hop  leaves  and  *  cones' 
are  particularly  tender  and  watery,  their  cell  walls  thin,  and  their 
recuperative  power  low,  whence  we  have  other  important  factors 
favourable  to  the  spread  of  the  fimgus.  Finally,  it  is  in  such  wet 
surroundings  that  the  conidia  meet  with  the  best  conditions  for  rapid 
germination." 

OBSERVATIONS  PROM  1912  TO  1914. 

He  writer  has  pointed  out  in  a  previous  bulletin"  that  the 
appearance  of  new  mildew  spots  on  the  hop  seems  to  follow  ten  days 
or  two  weeks  after  the  rainy  periods.  This  conclusion  was  arrived 
at  from  two  series  of  observations,  one  made  at  Waterville  and  the 
other  at  Milford  during  the  year  1912.  Similar  records  have  now 
heesx  made  for  the  years  1913  and  1914  for  two  places  in  the  hop- 
growing  section  of  the  State.  These  are  charted  in  Figure  1  to  show 
time  and  amount  of  rainfall  and  times  of  appearance  of  principal 
infections.  The  records  at  CJooperstown  were  made  by  the  author; 
the  others,  by  men  engaged  in  inspection  work  for  the  hop  growers' 
associations  at  Waterville  and  Milford. 


*  Norton,  J.  B.  8.    Rose  mildew.    Maryland  Sta.  Bui.  156:76-78.    1911. 

"Bondarzew,  A.  8.  (In  Russian.)  The  powdery  mildew  disease  of  hops  and 
MBtrol  experiments  in  a  hop  yard  of  Miskovsky  of  the  Kostroma  district.  Jakrb, 
Pflamenkr.  (St.  Petersburg)  2:16-28.    1908. 

*^Ward,  H.  M.    The  hop  disease.    Diseases  of  Plants  pp.  15^-155.     1901. 

"Blodsett,F.M.    Hop  mildew.    New  York  ComeUSta.  Bui.  328:290-291.   19ia 
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In  Fig.  5,  heavy  horizontal  lines  separate  observations  for  different 
places  and  for  different  years  in  the  same  place.  Beginning  at  the 
top,  there  appears,  above  the  first  line,  the  record  of  rainfall  and 
appearance  of  new  mildew  infections  for  Waterville  in  1912,  then 
below  in  order,  Milford  in  1912,  Waterville  in  1913,  CJooperstown 
in  1913,  CJooperstown  in  1914  and  Waterville  in  1914. 

The  spaces  between  the  light  vertical  lines  represent  periods  of 
time  of  one  day  each.  The  heavy  vertical  lines  divide  the  time  into 
ten-day  periods.  The  amount  of  rainfall  occmring  on  each  day  ia 
indicated  by  the  height  of  the  black  areas;  the  distance  to  the  first 
light  line  in  each  case  representing  a  half  inch  and  to  the  second  line 
one  inch.  Rainfall  not  measured,  but  estimated,  is  represented  by 
an  outlined  area  containing  an  X.  Mildew  infections  are  repre- 
sented by  outlined  areas. 

By  reference  to  the  part  of  the  chart  representing  Waterville 
for  1912,  it  will  be  seen  that  the  "first  mildew  infections  were  found 
appearing  in  a  few  yards  on  June  18  and  19,  probably  having  started 
during  a  rain  occurring  on  June  6.  Many  light  infections  were  found 
in  yards  from  the  third  to  the  sixth  of  July  which  seem  to  have 
started  in  the  showers  of  June  20  and  21.  Heavier  infections  appear- 
ing on  July  15  and  20  appear  to  have  started  on  July  4  and  9  respec- 
tively. For  the  remainder  of  the  season,  rains  occurred  more  fre- 
quently and  infections  came  closer  together  until,  during  the  last 
of  August  and  early  September,  it  became  quite  impossible  to  dis- 
tinguish between  individual  infections.  During  the  latter  part  of 
the  season  observations  were  made  in  new  yards.  In  general,  it 
may  be  said  of  the  season  of  1912  at  Waterville,  that  only  a  few 
mildew  spots  could  be  found  till  about  the  middle  of  July.  At  this 
time  there  seemed  comparatively  little  danger  to  the  crop  from 
mildew.  During  the  last  of  July  and  during  August,  however, 
the  rate  of  increase  was  so  rapid  that  many  yards  not  sulphured, 
or  sulphured  little,  were  lost. 

At  Milford  in  1912,  the  conditions  were  very  similar.  A  few 
slight  infections  were  observed  on  June  10.  No  record  is  available 
of  the  weather  conditions  previous  to  June  7,  so  durii^  what 
rain  this  started  is  not  known.  Further  iufections  appeared  from 
June  18  to  20  as  at  Waterville,  having  started  in  the  rain  on  June  6. 
A  light  shower  on  June  12  (which  did  not  occur  at  Waterville)  gave 
rise  to  mildew  on  the  25th.    No  observations  were  made  during  the 
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period  from  June  27  to  July  5  inclusive.  New  mildew  spots  were 
observed  in  many  places  on  July  6.  These  would  probably  have 
been  discovered  earlier,  as  at  Waterville,  had  observations  been 
made.  Throughout  the  remainder  of  the  season,  the  rains  occurred 
frequently,  as  at  Waterville,  followed  quite  r^ularly  by  the  appear- 
ance of  mildew  in  ten  days.  The  principal  variation  from  the 
condition  at  Waterville  was  the  occurrence  of  a  larger  number  of 
early  infections. 

In  1913,  a  visit  was  made  to  Waterville  about  June  1st  when  no 
mildew  was  found.  No  further  observations  were  made  until  Jime  17. 
It  is  not  known,  therefore,  whether  any  infection  might  have  been 
found  previous  to  the  17th.  The  mildew  found  on  that  date  seemed 
to  be  comparatively  fresh  and  could  probably  be  attributed  to  the 
rain  on  the  seventh  of  June.  Light  showers  on  the  15th  followed 
by  a  week  of  showery  weather  gave  rise  to  new  infections  of  mildew 
which  appeared  from  Jime  24  to  Jidy  1.  Rains  Jime  25  to  28  were 
followed  by  the  appearance  of  mildew  from  July  8  to  12.  Following 
this  there  appeared  many  very  slight  infections  (July  18  and  19) 
probably  traceable  to  the  showers  of  July  6  and  7.  Heavier  infections 
were  reported  in  a  few  cases  from  the  24th  to  28th  following  the  rains 
of  July  11  and  14.  No  record  was  made  in  1913  of  the  infections  in 
the  new  yards  after  the  hops  had  been  picked  in  the  bearing  yards. 

At  Cooperstown,  in  1913,  no  record  of  mildew  infections  was  begun 
until  June  17  though  mildew  had  been  found  in  quantity  in  an 
abandoned  yard  on  the  third  of  June.  When  observations  were 
b^gun  again  on  June  17,  fresh  mildew  spots  could  be  found  in  a 
number  of  yards,  probably  having  started  in  the  rains  of  June  6 
and  7  as  at  Waterville.  Rains  occurred  in  Cooperstown  on  June  19 
and  20  and  there  was  some  evidence  of  light  infections  on  July  2 
and  3  though  comparatively  few  observations  were  made  at  tliat 
time.  Rains  on  July  5  to  9  gave  rise  to  infections  which  began  to 
appear  on  July  17.  Rains  on  July  21  and  24  were  followed  by 
infections  on  July  31  and  August  5.  A  very  general  infection  which 
began  to  appear  on  August  13  originated  in  rains  beginning  August  2. 

At  Cooperstown  in  1914,  the  rains  were  more  frequent  and  heavier 
so  that  it  soon  became  difficult  to  distinguish  between  different 
infections.  Accordingly,  the  chart  shows  only  periods  of  heaviest 
and  most  general  infection.  The  first  infections  recorded  on  June  6 
apparently  began  at  an  earlier  date  than  any  rain  shown  on  the  chart 
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and  before  any  weather  record  had  been  b^un.  No  further  infeo^ 
tions  were  recorded  until  June  18.  These  clearly  started  in  the  rains 
(m  June  7  and  8.  A  new,  light,  but  more  widely  spread  infection, 
appeared  on  Jiuie  23  and  24,  having  started  in  showers  on  June  15. 
A  rain  on  June  19  would  have  led  one  to  expect  nxildew  about  June  29, 
but  as  this  was  a  very  rainy  period  no  observations  were  made. 
Heavy  infections  resulting  from  rains  in  the  last  days  of  June  were 
reported  from  July  6  to  8.  Observations  were  again  interrupted 
by  rains,  but  heavy  infections  were  again  reported  on  July  13  and 
heavier  ones  three  and  four  days  later.  On  the  last  two  days 
mentioned  the  spots  appeared  extraordinarily  healthy.  New  spots 
were  not  only  numerous  but  the  production  of  spores  on  all  spots 
was  heavy. 

Some  new  infections  of  mildew  might  have  been  expected  about 
the  tenth  of  August,  or  soon  after  this,  but  there  was  an  interruption 
in  observations  from  the  ei^th  to  tenth  and  rains  on  the  tenth  and 
deveaath  and  beginning  again  on  the  fourteenth  caused  a  further 
interruption.  Some  indications  of  such  an  infection  were  noted  on 
the  thirteenth  in  limited  observations.  More  decided  increases 
in  mildew  b^an  to  appear  about  August  20.  Following  this,  increas- 
ing amounts  of  mildew  could  be  foimd  on  hops  till  picking  time  and 
thereafter  on  the  plants  in  the  new  yards  till  the  middle  of  September. 

No  rainfall  record  was  made  at  Waterville  in  1914.  The  rainfall 
as  shown  on  the  chart  is  the  average  for  the  five  Weather  Bureau 
Stations  nearest  Waterville.  For  the  most  part  rains  occurred  at 
these  different  places  at  the  same  time  so  that  the  dates  of  the 
general  rainy  periods  at  Waterville  may  at  least  be  relied  upon  as 
givoi  by  the  chart.  From  June  14  to  22  no  observations  were  made, 
dse  the  infections  noted  on  June  23  and  24  might  probably  have  been 
found  sooner.  Rains  were  frequent,  as  at  Cooperstown,  followed  by 
oorreqx>ndingly  frequent  mildew  infections. 

MILDEW  INFECTION  TAKES  PLACE  DURING  RAINS. 

Thus  it  appears  that  the  new  mildew  spots  begin  to  show  about 
ten  days  after  rainy  periods.  This,  to  the  writer,  seems  to  be  the 
most  important  relation  of  the  increase  of  mildew  to  weather  con- 
ditions. In  the  effort  to  discover  the  relation  of  the  weather  to  the 
^read  and  growth  of  the  mildew,  a  daily  record  was  made  also  of 
the  maximum  and  minimum  temperature  and  relative  humidity. 
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It  seems  altogether  probable  that  each  of  the  other  factors  may  have 
some  effect  on  the  growth  of  the  mildew  but  their  influence  is  not  so 
apparent. 

The  field  observations  reported  above  seem  to  mdicate  that  the 
spores  of  the  mildew,  like  the  spores  of  many  other  fungi,  germinate 
and  b^in  to  grow  during  wet  weather.  The  length  of  time  between 
these  wet  periods  and  the  appearance  of  new  mildew  spots  cor- 
responds well  with  that  between  the  sowing  of  spores  and  the 
appearance  of  mildew  in  artificial  infections. 

This  seems  to  be  in  accord  with  many  of  the  statements  previously 
referred  to,  namely,  that  the  worst  epidemics  have  occurred  in  wet 
seasons.  At  the  same  time,  in  comparatively  dry  seasons  a  few  rains 
at  critical  times  could  easily  account  for  heavy  losses.  The  writer 
has  frequently  seen  yards  in  which  it  was  very  difficult  to  find 
mildew^  spots  on  the  leaves,  yet  a  heavy  infection  of  the  flowers  or 
young  hops  nearly  or  quite  ruined  the  crop. 

The  importance  of  a  knowledge  of  this  relation  between  rain  and 
mildew  infection  seems  to  be  that  it  affords  the  hop-grower  a  guide 
as  to  when  he  may  expect  new  attacks  of  mildew  on  his  hops.  It 
should,  therefore,  be  of  assistance  in  its  control.  Clearly,  it  becomes 
important  to  sulphur  after  each  rain  imless  the  hops  were  well 
covered  with  sulphur  before  the  rain  and  the  rain  not  heavy  enou^ 
to  remove  it. 

OTHER  CONDITIONS  AFFECTING  GROWTH  OF  MILDEW. 

That  there  are  other  influences  which  affect  the  growth  of  the 
mildew  is  very  apparent.  Yards  near  enough  together  to  be  equally 
affected  by  periods  of  wet  weather  frequently  show  great  differences 
in  severity  of  mildew  attacks  though  new  spots  may  appear  in  both 
at  the  same  time.  Different  varieties  and  even  different  leaves  on 
the  same  plant  vary  in  susceptibility.  Named  in  order  of  sus- 
ceptibility beginning  with  the  most  susceptible,  the  New  York 
varieties  would  be  arranged  as  follows:  Canada  red  vine,  Rn£^ifth 
cluster,  Humphrey  and  native  red  vine.  No  serious  injury  has 
been  noticed,  so  far,  on  the  native  red  vine  variety  though  planted 
near  badly  infested  yards  and,  in  some  instances,  scattered  through 
yards  of  a  susceptible  variety.  It  is  said  to  be  a  light  yielder,  how- 
ever. 
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On  individual  vines  the  younger  leaves  or  other  growing  parts  are 
most  susceptible  to  the  mildew.  Early  in  the  season  the  mildew 
may  be  expected  on  any  of  the  leaves  of  the  plant,  but  after  the 
leaves  near  the  base  have  developed  to  their  full  size  though  still 
green  and  healthy,  new  infections  are  much  rarer  on  them  than 
(m  leaves  of  young  arms  or  near  the  tips  of  the  vines.  The  flowers 
and  young  catkins  ("  cones  "  or  "  burs  ")  are  especially  susceptible. 

It  may  be  said,  also,  that  the  spots  seem  to  enlarge  most  rapidly, 
look  most  healthy  and  sporulate  most  abimdantly  at  a  time  when 
conditions  are  such  as  to  cause  a  rapid  development  of  the  host 
plant,  i.  e.,  in  warm,  moist  weather.  In  1914,  such  a  period  was 
noticed  about  July  16.  Frequent,  heavy  rains  between  the  last  of 
June  and  the  tenth  of  July  were  followed  by  five  or  six  days  of  com- 
paratively warm  weather.  On  the  sixteenth,  then,  the  mildew 
^ts  appeared  particularly  healthy.  The  conidiophores,  which  in 
continued  dry  weather  are  few  and  scattered,  were  now  numerous 
and  producing  conidia  in  abundance.  Indeed,  the  spores  were  so 
abundant  that  they  could  be  shaken  from  the  leaves  in  clouds. 

Similar  conditions  have  also  been  observed  earlier  in  the  season, 
in  places  where  the  mildew  obtained  an  early  start.  In  such  cases, 
the  mildew  has  frequently  been  found  completely  covering  young 
leaves,  petioles  and  tender  stems.  Later  in  the  season,  when  the 
leaves  have  more  nearly  reached  their  full  development,  the  mildew 
is  usually  confined  to  circular  spots  on  the  leaves  which  frequently 
do  not  reach  the  size  of  one  centimeter  in  diameter. 

Of  some  interest  in  this  connection  are  the  observations  recorded 
by  Halsted  "  and  by  Anderson  and  Eelsey.^^  In  each  case  it  was 
found  that  the  powdery  mildew  developed  more  luxuriantly  on 
parts  of  plants  that  had  been  stimulated  by  mites  to  form  dis- 
tortions. Halsted  found  perithecia  of  Sphaerotheca  abundant  in 
the  buds  of  hackberry  which  had  been  affected  by  mites.  Anderson 
cmd  Eelsey  found  the  mildew  and  mites  together  on  a  number  of 
plants  and  concluded  that  in  every  case  where  these  forms  of  animal 
^  vegetable  life  are  so  associated,  there  is  a  more  vigorous  develop- 
ment and  earlier  maturity  of  the  fungus  than  under  ordinary  cir- 

"  Hahted,  B.  D.  Notes  on  Sphaerotheca  PhytajOophQat  KeU.  and  Swingle.  Jour, 
Jfvml.  5:85-86.    1889. 

M  Anderson,  F.  W.,  and  Eelaey,  F.  D.  Erysiphen  upon  Fhytoptus  distortions. 
Jw.  MyeoL  5:209-210.    1889. 
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cumstances.  This  seems  to  be  in  accord  with  what  has  previously 
been  said  about  the  growth  of  the  fungus  on  the  younger  and  more 
tender  parts  of  vines.  Diuring  the  summer  of  1914,  it  happened 
that  a  woodchuck  ate  off  the  vines  in  one  corner  of  a  yard  aft^  they 
were  well  started  up  the  poles,  with  the  result  that  these  vines 
started  many  new  shoots  which  were  more  tender  and  less  mature 
than  the  vines  in  the  other  parts  of  the  yard.  The  further  result 
was  that  these  vines  were  soon  covered  with  mildew  though  treated 
in  the  same  way  as  the  rest  of  the  yard  which  was  but  slightly 
affected. 

On  the  other  hand,  it  has  been  observed  several  times  in  abandoned 
yards  where  mildew  has  attacked  the  plants  particularly  early  and 
been  allowed  to  go  uncontrolled,  that  as  the  growth  of  the  hops 
became  checked  because  of  lack  of  cultivation  and  the  presence  of 
grass  and  weeds,  the  mildew  spots,  also,  stopped  spreading  on  the 
leaves  and  the  mildew  no  longer  looked  healthy. 

Thus  it  appears  that  there  are  some  factors  in  the  condition  of 
the  hop  plant  which  greatly  affect  the  rate  of  development  of  mildew. 
Favorable  conditions  seem  to  be  found  principally  in  the  younger 
growing  parts  of  plants  but  in  what  these  conditions  consist  has  not 
been  determined. 

USE  OF  SULPHUR  IN  THE  CONTROL  OF  MILDEW. 

HISTORICAL. 

Sulphur  has  long  been  used  for  the  control  of  various  powdery 
mildews,  more  particularly  those  of  the  grape  and  hop.  Stevens 
and  Hain*  attribute  the  discovery  of  the  use  of  sulphur  for  this 
purpose  to  Robinson  in  1821  who  is  quoted  as  stating,  "  Sulphur  is 
the  only  specific  remedy  that  can  be  named  for  the  treatment  of 
mildew  on  peaches.  It  should  be  mixed  with  soapsuds  and  then 
applied  by  dashing  it  violently  against  the  trees  by  means  of  a  rose 
syringe."  It  did  not  come  into  general  use  until  after  1850  or  until 
the  powdery  mildew  became  a  scourge  to  the  grape  vines  of  EJuropa 
It  was  apparently  then  rediscovered  by  Tucker  ^^  who  is  quoted  as 
having  first  used  a  mixture  of  sulphur  and  lime  for  the  control  of 

^  Stevens,  F.  H.,  and  Hall,  J.  Q.    Diseases  of  economic  plants,    p.  7.    1910. 

^  Tucker,  E.  Letter  of  E.  Tucker  to  Qaschet.  Documents  pour  servir  i  T^tude 
de  la  Maladie  de  la  Vigne.  pp.  12-14.  Pub.  by  the  Unntome  society  of  Bordeaux. 
1853. 
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this  disease  in  1845.  Reference  to  its  use  is  made  by  a  number 
of  authors  beginning  with  von  MohP'  in  1852,  Mares  ^'  in  1855 
and  others.  The  powdery  mQdew  of  grapes  which  did  its  maximum 
damage  in  France  in  1854  was  so  speedily  controlled  that  normal 
production  was  reached  again  in  1859. 

It  seems  that  comparatively  little  is  known  about  the  early  use  of 
sulphur  on  hops.  Apparently  its  use  on  hops  followed  its  success- 
ful use  in  the  control  of  grape  mildew,  though  the  mildew  had  been 
preseat  on  the  hop  in  England  about  a  century  and  a  half  earlier 
than  on  the  grape.  An  article,  probably  by  Berkeley,^*  in  1869 
seems  to  assume  that  sulphur  would  be  as  effective  against  the  mildew 
on  the  hop  as  on  the  grape.  Whitehead  ^^  wrote  that  sulphur  had 
been  of  great  use  to  the  hop  growers  for  the  25  years  previous.  At 
the  time  of  his  writing  the  practice  of  sulphuring  hops  was  well 
established. 

Mixtures  of  flowers  of  sulphur  and  lime  were  early  recommended 
but  seem  to  have  been  used  comparatively  little,  though  such  recom- 
mendations may  be  found  in  the  recent  as  well  as  in  the  older  litera- 
ture.** 

Flowers  of  sulphur  was  first  used  because  it  was  the  only  kind  of 
fine  sulphur  then  manufactured,  but,  later,  the  grinding  of  sulphur 
was  much  perfected  and  flour  sulphur  to  a  considerable  extent  has 
replaced  the  flowers  of  sulphur  in  some  countries  of  Europe. 

In  the  meantime,  the  question  of  how  sulphur  acts  has  been 
attacked  and  various  theories  have  been  made  the  basis  of  recom- 
mendations. It  is  not  the  writer's  purpose  in  this  bulletin  to  review 
aD  of  the  work  or  opinions  on  this  subject.  The  earlier  work  has 
been  reviewed  by  Sestini  and  Mori,^  Windisch  »  and  other  writers. 

"M(^,  Hugo  von.    Die  Traubenkrankheit.    Bot.  Ztg.  10:^15.     1852. 
"Mares,  M.    Sur  la  maniere  dont  la  fleur  de  aoufre  agit  contre  le  maladie  de  la 
▼%&e.    Compi.  Rend.  Acad,  Sci,  (Faria)  2:41  :Z^-SQ9.    1855. 
"B[ericdey],  M.  J.    Hop.    In  a  Cyclopedia  of  agriculture,  by  Morton.    2:  66-67. 


''Wliitehead,  Chas.    Hope.    pp.  55-58.    1881. 

'  Tucker.  £.    1853  1.  c. 

Ward,  H.  M.    Diaeasea  of  plants:    p.  161.    1901. 

Galloway,  B.  T.    Powdery  mildew  of  the  bean.    Jour,  Mycol.  5:214.    1889. 

Bnggar,  B.  M.    Fungous  diseases  of  plants,    p.  90.    1909. 

I^Jdeman,  E.  G.    The  Spraying  of  plants,    pp.  174-176,  307.    1906. 

"Sestini,  F.,and  Mori,  A.  In  qual  modo  opera  lo  zolfo  sull'oidio  della  viti.  Ska, 
Sver.  Agr.  Ital,  19:257-278.    1890. 

"  Windisch,  KarL  Ueber  die  Wirkungsweise,  Untersuchung  und  Beschaffenheit 
oa  nir  B^kimpfvmg  des  Oidiums  dienenden  SchwefeLi.  Landip.  Jahrb.  30:447-495. 
1901. 
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It  has  been  shown,  principally  by  Moritz,^  Basarow,*  Mach  and 
Portele^  and  Sestini  and  Mori,*'  that  there  is  a  certain  amount 
of  sulphurous  acid  formed  in  a  sulphured  vineyard  and  it  has  been 
quite  generally  accepted  that  this  is  an  active  agent  in  killing  the 
mildew.  Sestini  and  Mori  also  showed  that  the  sulphurous  acid 
formed  is  changed,  in  part  at  least,  into  sulphuric  acid.  Pollacci  '* 
has  shown  some  of  the  conditions  under  which  the  oxidation  of  sulfur 
takes  place  and  agrees  that  the  end  product  is  sulphuric  acid. 

In  this  connection  should  also  be  mentioned  the  work  of  Kramer  '* 
who  performed  an  experiment  in  which  sulphur  was  heated  to  a 
moderate  temperature  as  in  the  use  of  this  material  in  the  green- 
house, and  foimd  that  the  principal  product  was  sulphuric  acid. 
He  believed  that  the  efficiency  of  sulphur  as  used  in  the  greenhouse 
is  due  to  this  acid  and  he  found  that  dilute  solutions  of  sulphuric 
acid  are  capable  of  killing  the  mildew.  Marcille'®  has  gone  even 
farther  and  claims,  on  the  basis  of  a  few  inadequate  exprnmenta, 
that  the  effectiveness  of  sulphur  as  used  in  dusting  grapes  out  of 
doors  is  due  to  the  sulphuric  acid  which  it  contains.  He  seems  to 
believe  that  most  of  this  is  developed  in  the  process  of  manufacture 
and  very  slowly  afterward.  On  this  basis  he  suggests  that  only 
flowers  of  sulphur  should  be  used  and  that  this  should  be  manufactured 
to  contain  more  sulphuric  acid  or  that  some  less  expensive  carrier 
should  be  found  for  the  acid. 

That  there  is  a  certain  amoimt  of  sulphur  vapor  formed  from 
sulphur  at  ordinary  temperatures  is  well  known  and  that  this  may 
have  some  effect  on  fungus  parasites  has  been  recognized  by  many 
writers. 


**  Moritz,  J.  Ueber  die  Wirknngsweise  des  Schwefelns  ak  Mittel  g^gen  den  Tmu- 
benpils  (Oidium  Tuckeri).    Landw.  Vera,  Stat,  25:1-4.    1880. 

^  Basarow,  A.    Weinlaube  14: 529.    1882.    Qted  in  Landw,  Jakrb.  30: 451.     IQOl. 

"  Mach,  E.,  and  Portele,  K.  Zur  Frage  ueber  die  Art  und  Weise,  in  weldier  der 
sur  Bek&mpfung  dee  Oidiums  angewendete  Schwefel  wirkt.  Weifdaube  16:433,  265. 
1884. 

"  Sestini,  F.  and  Mori,  A.    1.  c.    1890. 

**  Pollacci,  E.  Ossidazione  spontaneae  del  solfo  e  dei  solfuri  mettalloidiei  e  meiaUici. 
MonU.  Sci.  4:32:372^5.  1908.  Same.  AtH,  Cong.  Chim,  (Roma)  1:482-^488. 
1907. 

"Kramer,  H.  Dilute  sulphuric  acid  as  a  fungicide.  Proc,  Amer,  PfttL  Soc 
45:157-163.    1906. 

^Marcille,  R.  Sur  le  mode  d'action  du  soufre  utilsfe  pour  oombattn  ToidiiiiD 
Compt.  Rend.  Acad,  Sci,  (Paris).  152:780-783.    1911. 
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M ach  and  Portele  not  only  considered  how  sulphur  acts  but  which 
kind  is  most  effective.  They  tried  to  solve  this  problem  by  deter- 
mining the  amount  of  sulphurous  acid  formed  with  different  kinds  of 
sulphur  under  the  same  conditions.  They  foimd  in  a  limited  number 
of  e]q)eriment8  that  a  larger  amoimt  of  sulphurous  acid  was  formed 
from  the  finer  material.  They  also  found  that  the  amount  of  sul- 
phurous acid  increased  with  an  increase  of  temperature.  The 
numeanous  published  reoommendatioDS,  which  for  the  most  part 
favor  the  use  of  flour  sulphur,  seem  to  be  based  in  part  on  these 
experiments,  but  very  largely,  also,  on  other  considerations,  as 
follows: 

(1)  Flowers  of  sulphur  has  been  largely  replaced  by  groimd 
sulphur  in  use  in  the  vineyards  of  Europe.  At  first  flowers  of  sulphur 
was  exclusively  used  for  the  reason  that  ground  or  flour  sulphur 
was  not  then  made.  Since  groimd  sulphur  as  fine  or  finer  than 
flowers  of  sulphur  has  been  on  the  market,  it  has  grown  in  popularity 
with  the  vineyardists  until  it  has  superseded  the  flowers  of  sulphur 
to  a  considerable  extent. 

(2)  Ground  sulphur  may  be  made  finer  than  flowers  of  sulphur  if 
sufficient  care  is  used  in  the  grinding.  The  finer  sulphur  should 
be  more  active  because  the  rate  of  oxidation  and  of  vaporization 
depends  in  part  on  the  area  of  surface  exposed.  This  would  be  larger 
per  unit  weight  for  the  smaller  particles,  and  for  the  irregular 
particles  of  flour  sulphur  as  compared  with  the  spherical  particles 
of  flowers  of  sulphur  of  the  same  size.  The  small  quantities  of 
sulphurous  and  sulphuric  acids  always  contained  in  flowers  of 
sulphur  should  be  rapidly  balauced  in  favor  of  the  finely  ground 
sulphur  by  the  more  rapid  oxidation  of  the  latter.  Fine  sulphur 
may  also  be  spread  more  evenly  and  widely. 

(3)  The  particles  of  flowers  of  sulphur,  being  spherical  or  nearly 
80,  will  not  cling  as  tenaciously  to  vine  parts  as  do  the  irregular, 
diarp-comered  particles  of  the  flour  sulphur. 

(4)  The  process  of  manufacture  of  flour  sulphur  is  such  that  a 
uniform  product  is  readily  obtained.  The  process  is  one  of  grinding 
which  may  be  continued  until  the  desired  fineness  is  secured.  To 
obtain  a  uniform  quality  of  flowers  of  sulphur  involves  maintaining 
a  large  building  used  for  a  condensing  chamber  at  a  uniform  tem- 
perature under  the  varying  weather  conditions  throughout  the  year. 
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If  the  temperature  is  too  high  the  particles  fuse,  thus  altering  the 
fineness  of  the  product. 

Further  statements  in  literature  seem  to  deal  principally  with 
observations  or  preferences.  No  data  from  field  tests  of  different 
kinds  of  sulphur  are  available.  Guillen  '^  states  that  he  undertook 
such  tests  but  found  them  impracticable. 

There  still  persists,  however,  in  many  general  treatises,  the  state- 
ment that  flowers  of  si^lphur  "  may  be  used  for  the  control  of  certain 
mildews;  also,  recommendations  for  the  use  of  a  mixture  of  lime  and 
sulphur.  In  many  cases  no  reference  is  made  to  any  other  kind  of 
sulphur,  to  present  practice  in  vine-growing  countries  or  to  recom- 
mendations of  epecialists  in  mildew  control. 

From  what  has  been  said,  it  is  seen  that  there  exist  a  considerable 
variety  of  reconmiendations  which  are  raHier  puzsling  when  one  is 
first  confronted  with  them.  Many  recommendations  found  seem 
to  be  quite  indifferent  as  to  the  kind  of  sulphur  but  consider  more 
important  the  purity  and  the  fineness  as  determined  by  the  Chancel 
test. 

FIELD  EXPERIMENTS  CX)MPAIUNG  DIFFERENT  EINDS  OF  SULPHUR. 

GENERAL  PLAN. 

When,  quite  suddenly,  the  mildew  became  a  serious  menace  to 
the  hop  crop  of  New  York  State  and  it  became  desirable  to  know  if 
sulphuring  is  a  satisfactory  means  of  control  under  the  cUmatic 
conditions  existing  here,  it  was  decided  to  try  out  flowers  of  sulphur, 
fine  flour  sulphur  and  heavy  flour  sulphur  and  a  mixture  of  lime 
and  sulphur  under  field  conditions  with  the  hope  of  finding  out,  if 
possible,  which  is  the  most  effective  and  of  how  much  importance, 
approximately,  are  the  differences  in  fineness. 

n  GuiUon,  J.  M.    Soufres  et  bouiUies  cupriques.    Rev.  Vit.  19:651-655.    1903. 
**  Reeommeiid  the  use  of  flowers  of  sulphur: 

Mohl,  Hugo  von.    Die  Traubenkrankheit.    Bot.  Zig,  10:9-15.    1852. 
Koeth,  Dael  v.    Ueber  Traubenkrankheit.    Ann,  d.  Oenologie  2:118-121.    1872. 
Whitehead,  Chas.    Chap.  13.    Hops.    pp.  55-58.    1881. 
Galloway,  B.  T.    Powdery  mildew  of  the  bean.    Jour.  Myed,  5:214.    1889. 
Dufour,  J.    L'oidium.    Chxon,  Agt,  Yavd,  8:229-234.    1895. 
Tubeuf,  Karl  vcm.    Diseases  of  plants,    pp.  170-171,  172,  177.    1897. 
Masee,  Qeoiige.    A  text-book  of  plant  diaeases  caused  by  cryptogajnic  paraaiteB. 
pp.  95-97.    1899. 
Salmon,  E.  S.    Monograph  of  Erysiphaceae.    Jfem.  Tamy  Bot.  Clvb  9:60.    1900. 
Duggar,  B.  M.    Fungous  diseases  of  plants,    p.  90.    1909. 
Stevens,  F.  L.,  and  Hall,  J.  G.    Diseases  of  economic  plants,    p.  20.    1910. 
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For  this  wcHrk  a  very  good  grade  of  flowers  of  sulphur  was  secured. 
This  kind  of  sulphur  is  ordinarily  packed  in  15d-pound  barrels  and 
is  a  bright,  golden  yellow  in  color.  Flowers  of  sulphur  is  sometimes 
in  poor  mechanical  condition.  The  cause  of  this  will  be  discussed 
on  page  279.  Such  sulphur  does  not  feed  through  machines  well 
The  flowers  of  sulphur  used  in  these  experiments,  so  far  as  could  be 
judged  from  g^eral  condition  and  taste,  never  contamed  a  consider- 
able amount  of  acid  and  was  in  excellent  mechanical  condition. 

The  heavy  flour  sulphur  or  ground  sulphur  was  the  ordinary 
grade  of  refined  flour  sulphur  packed  in  250-pound  barrels.  In 
color  it  was  a  bright  yellow  but  not  as  bright  in  color  as  flowers  of 
sulphur.  It  was  of  such  a  fineness  that  about  75  per  ct.  would  pass 
a  200-me6h  sieve. 

The  fine  flour  sulphur  or  ground  sulphur  used  was  packed  in  175- 
pound  barrels.  In  color  it  was  a  whitish  yellow.  To  the  touch  this 
sulphur  was  very  smooth  and  floury  with  no  noticeable  roughness 
such  as  may  be  noticed  in  the  ordinary  flour  sulphur  and  flowers 
of  sulphur.  It  was  of  such  a  fineness  that  practically  all  of  it  would 
pass  a  206-mesh  sieve. 

While  it  may  be  said,  in  genend,  that  the  finer  sulphur  is  ground 
the  less  can  be  packed  in  a  barrel,  the  amount  packed  in  a  barrel 
is  not  aheays  an  indication  of  fineness,  as  the  barrels  may  not  be 
fulL  So  it  happens  that  much  sulphur  on  the  market  in  175-pound 
barrds  is  coarser  than  that  mentioned  above,  the  barrels  not  being 
full 

With  the  three  kinds  of  sulphur  as  above  described,  it  was  hoped 
that  if  there  is  any  considerable  difference  in  effectiveness  between 
sulf^ur  of  different  degrees  of  fineness,  this  could  be  detected  and 
that  the  experiments  would  indicate  the  relative  value  of  ground 
sulphur  and  flowers  of  sulphur. 

Our  first  experiments  of  this  kind  were  made  in  1912  in  coopera- 
tion with  twelve  hop  growers.  The  results  have  been  reported  in 
ORnell  University  Agricultural  Experiment  Station  Bulletin  328. 
In  all  cases  the  control  was  so  nearly  perfect  that  no  distinction 
ooold  be  made  between  the  two  kinds  of  sulphur  used  —  fine  flour 
sulphur  and  flowers  of  sulphur.  During  the  past  two  summers 
a  number  of  other  trials  have  been  made. 

The  general  plan  of  these  experiments  has  been  to  select  yards 
badly  mildewed  the  year  previous  and  divide  them  into  three  or 
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four  plats  —  one  plat  left  untreated  (usually  on  the  windward  side 
to  avoid  the  drift  of  sulphur  when  treating  the  adjacent  plats), 
one  plat  sulphured  with  flowers  of  sulphur,  one  with  fine  flour  sulphur, 
and,  in  some  cases,  a  fourth  plat  treated  with  heavy  flour  sulphur. 
The  different  kinds  of  sulphur  were  applied  to  the  different  plats 
on  the  same  day  and  as  nearly  as  possible  in  the  same  amounts. 
The  sulphur  used  on  each  plat,  at  each  application,  was  weighed 
and  the  amount  recorded  except  in  a  few  cases  of  cooperative  experi- 
ments when  it  was  impossible  for  the  writer  to  be  present.  In  such 
cases  the  record  was  kept  in  parts  of  barrels  per  application  or 
barrels  of  each  kind  for  the  season.  The  amounts  actually  applied 
varied  from  the  desired  quantities  for  several  reasons.  The  machines 
could  be  regulated  only  roughly.  The  different  kinds  of  sulphur 
necessitated  different  adjustments  of  the  feeding  device  in  order 
to  distribute  the  same  amount  of  material. 

The  result  of  the  different  treatments  was  determined  by  two 
separate  methods.  A  really  satisfactory  method  seemed  difficult 
to  find.  The  total  weight  of  the  crop  did  not  seem  to  be  of  any 
value  as  a  measure  of  mildew  control  because  mildewed  hops^  though 
of  littie  value,  or  worthless  nubs  weigh  nearly  or  quite  as  much 
as  the  healthy  hops.  Sorting  the  hops  into  grades  containing 
those  affected  and  those  not  affected  by  mildew  would  be  practically 
an  endless  task  on  any  considerable  area.  Four  or  five  thousand 
is  not  a  large  number  of  hops  for  a  single  hill.  During  the  season 
of  1914,  the  following  method  was  employed.  To  get  samples, 
a  trip  was  made  through  each  plat,  lengthwise,  near  its  center,  and 
small  branches  were  removed  from  each  vine  without  distinction,  if 
such  a  branch  were  available.  This  seemed  to  furnish  a  satis- 
factorily representative  sample  of  the  different  yards  and  the  different 
parts  of  the  yards.  These  samples  were  sorted  into  three  classes, 
those  free  from  mildew,  those  slightly  mildewed  but  marketable, 
and  those  so  severely  mildewed  as  to  be  unmarketable  or  valueless. 
The  hops  in  each  lot  were  counted. 

Considerable  reliance  has  also  been  placed  on  an  inspection  of 
the  yard  shortly  before  picking.  Slight  mildew  injuries  to  hops 
are  almost  at  once  apparent  in  the  color  and  appearance  of  the 
hops  before  picking,  much  more  so  than  in  hops  after  they  have 
been  dried.  It  was  therefore  thought  proper  to  place  confidence  to 
some  extent  in  the  judgment  of  dealers  and  growers  who  visited  the 
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yards  before  piddog,  especially  as  it  is  customary  to  determine 
the  qoality  of  hope  by  inspection.  As  there  is  no  uniform  system 
of  grading  hope,  or  standards  by  which  to  compare  any  particular 
lot,  except  one  part  of  the  field  with  another  or  by  a  rough  estimate 
of  losses,  such  judgments  have  proven  hard  to  record  satisfactorily. 
It  may  be  said  that  in  1913,  as  in  1912,  it  frequently  happened 
tiiat  the  control  was  so  good  on  sulphured  portions  of  the  yards, 
that  losses  were  quite  imi)erceptible,  while  on  imtreated  portions  of 
the  same  yards  the  loss  from  mildew  amounted  to  one-half  or  more 
of  the  crop.  In  1914,  however,  with  long  and  rather  continuous 
nuny  periods,  there  was  little  opportunity  for  sulphuring  and  at 
few  times  was  the  weather  favorable  for  the  action  of  sulphur.  Under 
such  circumstances  the  tests  of  the  different  kinds  of  sulphur  were 
more  severe.  The  yard  was  rare,  indeed,  that  did  not  show  enough 
injury  from  mildew  to  furnish  a  basis  for  judgment  on  the  relative 
merits  of  the  different  kinds  of  sulphur.  At  the  same  time  local 
variations  in  each  yard  played  no  small  part  in  the  results  obtained, 
so  that  different  hop-growers  reached  quite  different  conclusions 
in  regard  to  the  different  kinds  of  sulphur  bemg  tested.  It  becomes 
at  once  apparent  that  a  true  conclusion  in  this  case  can  only  be 
based  on  the  results  of  experiments  in  a  considerable  number  of 
yards.  The  drift  of  clouds  of  sulphur  while  distributing  quite 
excludes  the  possibility  of  dividing  a  hop-yard  into  numerous  small 
plats  to  avoid  this  difficulty. 

DETAILS  OF  EXPERIlfENTS. 

King  farm,  yard  No,  S,  1914- —  In  1913,  this  yard  bad  been 
used  for  an  experiment  comparing  a  mixture  of  sulphur  and  lime 
with  flowers  of  sulphur  alone  and  it  became  badly  mildewed.  The 
year  previous  it  had  suffered  a  complete  loss  due  to  mildew.  It  is 
located  near  the  top  of  Burke  Hill,  Index,  N.  Y.,  and  is  situated 
on  the  slope  of  the  hill  facing  the  west.  It  was  divided  so  that 
a  strip  seven  rows  wide  and  twenty-seven  hills  long  was  left  on  the 
west  side  untreated.  The  adjoining  plat,  fifteen  rows  wide  and  forty- 
nme  hills  long  was  dusted  with  flowers  of  sulphur.  The  third  plat, 
fifteen  rows  wide  and  forty-nine  hills  long,  was  dusted  with  an  equal 
amount  of  fine  flour  sulphur. 

The  following  table  gives  a  record  of  the  sulphuring  of  this  yard: 
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Emo  Yabx>  No.  3,  1914. 

OATH. 

SULPHUR  PXB  ACUB. 

Date  of  first 

rain  following 

sulphuring. 

Flowers. 

Fine  flour. 

June  25 

Lbs. 
60 
73 
72 
72 

Lbs. 
72 
71 
61 

58 

Jun^  28  and  29. 

July  22 

July  23. 

July  28 

July  28  and  29. 
Aug.  10  and  11. 

Aumist  4 

AYenure 

69 

65.5 

Mildew  was  first  observed  in  this  yard  on  June  24.  At  that 
date  a  few  spots  were  found  scattered  quite  evenly  about  the  yaixl. 
The  applications  of  sulphur  to  this  yard  were  followed  closely  by 
rains  with  the  exception  of  the  treatment  on  August  4,  followiiig 
which  there  was  about  a  week  of  fair  weather.  No  significant 
increase  in  mildew  was  noticed  until  July  13  and  17.  This  was 
checked  somewhat  by  the  treatments  on  July  22  and  28.  The  sul- 
phuring on  August  4  was  undoubtedly  the  most  effective  as  the 
weather  was  favorable  and  the  hops  were  just  growing  out.  The 
weather  allowed  no  further  opportunity  for  sulphuring. 

During  one  of  the  storms  this  yard  was  severely  damaged  by  hail 
so  that  a  light  yield  resulted.  Scattered  hills  in  the  yard  were 
also  injured  by  the  hop  aphid,  but  this  injury  was  ignored  in  tabu- 
lating results. 

Samples  were  collected  on  August  29  and  classified  as  above 
described  with  the  following  results: 


Table  IT. —  CoNDmoN  op  Hops  at  Picking  Time  in  Kino  Yabd  No.  3,  1914. 


PLAT. 

Total 
number. 

PBBE  FBOM 
MILDEW. 

SUOHTLT  MIL- 
DEWED. 

YALUXUBSa. 

Num- 
ber. 

Per- 
centage. 

Num- 
ber. 

Per- 
centage. 

Num- 
ber. 

Per- 
centage. 

Unsulphuied 

Flowers 

1,601 
1,259 
1,119 

"874' 
881 

*69'.4' 
78.7 

68 
275 
217 

4.25 
21.84 
19.4 

1,533 

110 

21 

95.76 
8.74 
1.9 

Fine  flour 
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From  this  table  it  is  apparent  that  the  untreated  portion  of  this 
yard  was  a  complete  loss  —  in  strong  contrast  to  both  of  the  other 
portions  of  the  yard.  The  plat  sulphured  with  fine  flour  sulphur 
was  better  than  that  treated  with  flowers  of  sulphur  as  also  appeared 
y&y  clearly  by  inspection  of  the  yard. 

Wedderspoon  yard. —  This  yard  was  chosen  because  it  had  been 
severely  attacked  by  the  mildew  the  year  previous,  so  that  only 
about  half  of  the  yard  was  picked;  also,  because  it  was  one  of  the 
first  in  which  the  mildew  was  discovered  in  the  spring  of  1914. 
The  yard  is  located  in  a  narrow  valley  formed  by  one  of  the  streams 
emptying  into  the  west  side  of  Otsego  Lake  in  a  locality  known 
as  Pierstown.  It  is  situated  on  the  southern  side  of  the  valley  on 
doping  land,  with  the  lower  end  of  the  yard  only  a  little  above  the 
level  of  the  stream. 

Mildew  was  r^)orted  in  this  yard  on  June  6,  1914,  and  the  repaid 
was  verified  a  few  days  later  by  the  writer  although,  at  that  time, 
most  of  the  lower  leaves  had  been  removed  by  trimming  in  the 
hope  of  checking  the  spread  of  the  mildew.  No  serious  spread  of 
the  mildew  ^as  noted  in  this  yard  imtil  Jime  23. 

The  yard  was  divided  into  plats  running  up  and  down  the  hill, 
with  an  untreated  plat  twelve  hills  square  in  the  southwest  comer. 
The  following  table  gives  a  record  of  the  sulphuring  of  this  yard: 

Tabia  in. —  SuiiPHUBiNQ  IN  Wbbdbrspoon  Yard,  1914. 


'DATE. 


BULPHUB  PER  ACBB. 


Flowers. 


Heavy 
flour. 


Fine  flour. 


Date  of  first 
rain  following 
sulphuring. 


June  24 

July  10 

July  16 

July  25 

August?... 

AvefBge 


Lbs. 
51 
45 
63 
53 
83 


Lb$. 
69 
58 
64 
53 
62 


Lb$. 
56 
56 
52 
63.5 
62 


June  28  and  29. 
July  10. 
July  17. 
July  28. 
August  10. 


50 


61 


58 
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It  is  apparent  that  none  of  these  applicaticnis  was  very  happily 
placed,  four  days  being  the  longest  period  foUowmg  a  sulphiirii\g 
before  a  ram.  The  application  of  July  10  was  the  most  unfortunate 
as  a  heavy  rain  in  the  afternoon  washed  off  much  of  the  sulphur 
applied  in  the  morning. 

As  stated  previously,  an  increase  of  mildew  was  noticed  in  this 
yard  on  June  23.  This  was  more  abundant  in  the  part  of  the  yard 
that  was  to  be  treated  with  flowers  of  sulphur.  A  further  increase 
was  noted  on  July  16  with  a  very  heavy  production  of  spores.  The 
mildew  continued  considerably  worse,  up  to  picking  time,  in  one 
end  of  the  plat  treated  with  flowers  of  sulphur.  It  should  be  re- 
marked thiat  this  portion  of  the  yard  was  also  most  severely  affected 
the  year  previous.  The  unsulphured  portion  was  on  the  other  side 
of  the  yard  and  presumably  the  least  likely  to  be  affected. 

Samples  were  collected  from  this  yard  on  August  26  and  sorted 
with  the  following  results: 


Table  IV. —  Conbition  or  Hops  at  Picuno  Tims  nr  Wsddbbspoon  Yard,  1914. 


Total 
number. 

FREE  FROM 
MILDEW. 

SUOBTLT  MIL- 
DEWED. 

VALUBUaS. 

PLAT. 

Num- 
ber. 

Per- 
centage. 

Num- 
ber. 

Per- 
centage. 

Num- 
ber. 

Ptor- 
oentage. 

Unsulphured 

flowers 

770 

1,105 

681 

702 

77 
899 

026 

10.0 
81.4 
87.8 
89.2 

815 

176 

77 

71 

40.9 
15.9 
11.3 
10.1 

378 

30 

6 

5 

• 

^.1 
2.7 

Heavy  flour 

Fine  flour 

.9 

.7 

In  this  yard  the  unsulphured  portion,  while  only  a  partial  loss, 
still  stood  in  marked  contrast  to  the  rest  of  the  yard.  There  seems 
no  doubt  that  had  it  been  on  the  side  of  the  yard  treated  with 
flowers  of  sulphur,  the  loss  would  have  been  total. 

The  table  represents  the  observed  condition  of  the  yard  very  wdl. 
One  end  of  the  plat  dusted  with  flowers  of  sulphur  seemed  equally 
good  with  the  rest  of  the  treated  part  of  the  yard,  while  the  oth^ 
end  was  considerably  damaged. 

Utter  yard,  Cherry  Valley, —  This  yard  was  chosen  because  it 
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had  been  so  severely  attacked  by  the  mildew  the  year  previous  that 
only  a  small  part  of  the  yard  was  picked.  It  was  also  one  of  the 
first  yards  attacked  by  the  mildew  in  that  section  in  the  spring  of 
1914.  The  yard  is  located  at  a  medimn  elevation  and  is  nearly 
level,  except  at  the  eastern  end,  where  one  side  runs  up  the  side  of 
a  small  knoll.  In  1913,  this  end  was  more  severely  affected  by  mildew 
and  in  it  the  mildew  was  first  found  in  1914. 

The  yard,  which  was  88  rows  long,  was  divided  into  plats  running 
crosswise.  These  plats  were  about  30  hills  square  or  contained 
about  an  acre  each.  This  manner  of  division  of  the  yard  was  found 
necessary  because  the  spaces  between  the  rows  running  lengthwise 
on  one  side  were  so  narrow  that  the  dusting  machine  could  not  be 
used  in  them.  The  plat  at  the  western  end  was  dusted  with  heavy 
flour  sulphur,  the  plat  in  the  middle  with  fine  flour  sulphur  and  the 
plat  at  the  other  end  with  flowers  of  sulphur.  A  check  plat  twelve 
hills  square  was  located  in  the  southwest  comer  of  the  yard.  In 
tills  end  of  the  yard  containing  the  check  and  the  part  dusted  with 
heavy  flour  sulphur  the  mildew  was  least  abimdant  the  year  previous. 

In  1914  mildew  was  found  in  this  yard  on  June  19.  An  increase 
d  mildew  was  noted  on  July  6.  It  is  likely  that  these  spots  might 
have  been  seen  several  days  earlier  had  observations  been  made. 
The  shipment  of  sulphur  was  delayed  and  rains  further  deferred  the 
application  of  sulphur  imtil  July  13.  By  this  time  considerable 
mcrease  in  the  mildew  had  taken  place,  particularly  in  the  eastern 
end  of  the  yard.  The  following  table  gives  a  record  of  the  sulphur- 
ingB  in  this  yard: 


Table  V. —  Suij»BTnuNQ  in  Uttbb  Yard, 

1914. 

DATS. 

SULPHUR  PER  ACRE. 

Heavy 
flour. 

Fioe  flour. 

Flowers. 

July  13 

Lb8, 

65 
80 
06 
76 

Lb9, 
54 
49 
51 

47 

LbB, 
64 

July  25 

77 

Ju^31 

60 

August  13 

87 

Auffurt  25 

^VW9lg».  .  . 

69 

48 

69.5 
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The  weather  record  at  Cooperstown  applies  only  approximately 
to  the  conditions  in  this  yard.  It  is  known  that  rains  were  quite 
as  frequent  here  as  elsewhere  and  that  the  treatments  on  July  25 
and  31  were  followed  shortly  by  rains.  That  on  August  13  fell 
within  the  period  whei^  showers  were  of  daily  occurrence.  An 
application  of  sulphur  was  made  by  Mr.  Utter  on  August  25  as 
nearly  like  the  others  as  possible.  This  was  done  because  Mr. 
Utter  wished  to  delay  picking  for  some  time.  It  was  thought  to 
have  had  very  little  effect  on  the  results  recorded  as  it  was  followed 
abnost  immediately  by  heavy  rains. 

The  machine  used  in  this  case  was  not  entirely  satisfactory  as  it 
proved  to  be  very  difficult  to  r^ulate.  With  the  fine  flour  sulphur 
it  was  always  wide  open.  From  the  table  it  may  be  seen  that  thr 
amount  of  fine  flour  sulphur  used  averaged  20  pounds  less  i>er  appli- 
cation  than  for  either  of  the  other  kinds. 

Samples  from  each  of  the  different  plats  of  this  yard  were  collected 
on  September  2  and  examined  as  usual  with  the  results  shown  in 
the  following  table: 

Tablb  VI. —  Condition  or  Hops  at  Picxino  Tims  in  Uttsr  Yabd,  1914. 


Total 
number. 

FREE  FROM 
MILDEW. 

SLIOHTLT  UOr 
DEWED. 

TALUXLBSa. 

PLAT. 

Num- 
ber. 

Per- 
centage. 

Num- 
ber. 

Per- 
centage. 

Num- 
ber. 

Per- 
centage. 

Unsulphured 

flowers 

1,667 
1,197 
1,300 
1,647 

62 

649 

1,164 

1,158 

3.9 

45.8 
88.8 
74.9 

587 
469 
110 
217 

37.5 

38.4 

8.4 

14.0 

918 

189 

36 

172 

58.6 
15.8 

Heavy  flour 

Fine  flour 

2.8 
11.1 

From  the  table  it  is  apparent  that  the  untreated  plat  sustained 
a  much  heavier  loss  than  any  other  portion  of  the  yard.  It  must  be 
remembered  in  this  connection  that  the  end  of  the  yard  occupied  by 
the  unsulphured  plat  and  the  plat  treated  with  heavy  sulphur,  was 
the  part  of  the  yard  where  little  mildew  could  be  found  at  the  time 
of  the  first  treatment.  At  that  time  the  lower  leaves  of  many  hills 
in  the  other  end  of  the  yard  were  white  with  mildew.    In  fact, 
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imtfl  hops  were  in  full  bloom,  mildew  could  Bcaroely  be  found  in 
the  unsulphured  portion  of  the  yard  and  at  no  time  was  it  saious 
on  the  leaves  there.  It  was  only  when  the  hops  b^an  to  come  out 
of  blossom  that  the  mildew  began  to  develop  rapidly  in  this  portion 
of  the  yard,  shortly  outstripping  the  other  portions  of  the  yard. 

There  seems  no  doubt  that  if  an  untreated  portion  had  been  left 
in  the  other  end  of  the  yard  the  loss  in  it  would  have  been  total. 
The  writer  is  of  the  opinion  that  the  results  as  given  in  the  table 
ahow  a  prejudice  against  flow^s  of  sulphur  not  altogether  deserved 
thou^  representing  the  conditions  at  picking  time  very  well. 

WiUey  yard,  MiddJefiM. —  This  yard  was  considered  desirable 
for  experimental  purposes  because  for  several  years  it  had  been  a 
complete  loss  due  to  mildew  and  scattered  spots  of  mildew  were 
found  throughout  the  yard  on  Jime  18  in  the  season  of  1914. 

This  yard  was  located  on  a  tableland  near  the  summit  of  the  hills 
of  Middlefield  in  Otsego  County.  It  was  very  nearly  level  and 
seemed  as  uniform  as  could  be  desired.  The  yard,  which  was  88 
hills  long  and  41  hills  wide,  was  divided  into  plats  running  cross- 
wise with  an  unsulphured  portion  12  hflls  square  in  the  north- 
east comer.  The  three  other  plats  of  the  experiment  were  23 
hills  wide  leaving  a  strip  19  hills  wide  to  be  sulphured  by  Mr. 
Wilsey.  Beginning  at  the  north  end  of  the  yard,  the  three  plats 
were  treated  respectively  with  heavy  flour  sulphur,  fine  flour  sulphur, 
and  flowers  of  sulphur. 

Applications  of  sulphur  were  made  to  this  yard  as  follows: 


TaBIS  Vn. —  SULPHUBINO  Uf 

Wiunr  Yaju>,  1914. 

DATS.  . 

SULPHUB  FSB  ACBB. 

Heavy  flour. 

line  flour. 

Flowers. 

July  3 

Lb8, 

50 
60 
60 
50 
60 

Lbs. 
41.5 
42.5 
42.5 
42.5 
42.5 

Lbs. 
42.5 

July  13 

42.5 

July  25 

42.5 

Augurt   3 

42.5 

Augurt  13 . - 

42.5 

Average.. 

50 

42.3 

42.5 
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At  the  time  of  the  first  treatment  some  increase  in  the  amount  of 
mildew  had  taken  place.  It  still  seemed  to  be  quite  uniformly 
distributed  between  the  different  plats.  On  July  13,  fresh  mildew 
was  appearing.  The  yard  was  much  improved  on  July  22.  The 
last  tr^tment  was  made  after  the  rainy  weather  had  begun  in  mid- 
August.  Slight  increases  in  mold  continued  to  take  place  in  August. 
On  August  13,  the  section  of  the  yard  dusted  with  fine  flour  sulphur 
was  clearly  in  much  better  condition  than  any  of  the  other  plats. 
Scarcely  any  injured  hops  could  be  found  in  this  section  of  the  yard, 
which  formed  a  marked  contrast  to  the  plats  on  both  sides  of  it. 

Samples  were  secured  from  this  yard  on  August  25.  Unfortunately 
the  writer  had  not  been  informed  that  the  picking  was  to  start  so 
soon,  so  that  the  larger  part  of  the  plat  dusted  with  flowers  of  sulphur 
had  been  picked  before  his  arrival.  A  sample  was  secured  from  the 
remamder  of  the  plat.  The  figures  given,  therefore,  are  not  as 
reliable  an  index  to  the  condition  of  this  plat  as  are  the  figures  for 
the  other  plats.  Previous  inspection  indicated  that  this  plat  was 
most  severely  injured  by  the  mildew  of  any  of  the  sulphured  plats, 
though  probably  not  as  much  worse  than  the  heavy  flour  plat  as 
indicated  by  the  table.    The  following  table  summarizes  the  results : 

Tablb  Vni. — Condition  of  tsb  Hops  in  thb  Wiubt  Yabd  at  Picking  Tims,  1014. 


Total 
number. 

FRVB  FROM 
MILDEW 

BLIQHTLT  MIL- 
DBWSD. 

VALUBLBSB. 

nA.T. 

Num- 
ber. 

Per- 
centage. 

Num- 
ber. 

Per- 
centage. 

Num- 
ber. 

Per- 
centage. 

Unsulphured 

Flowers 

1,093 
644 
533 
487 

12 
271 
367 
458 

1.1 
42.08 
68.9 
94.04 

227 

305 

141 

27 

20.8 
47.36 
26.4 
5.55 

854 

68 

25 

2 

78.1 
10.57 

Heavy  flour 

Fine  flour 

4.7 
.41 

It  is  apparent  that  the  unsulphured  portion  of  the  yard  in  this 
case  was  so  nearly  a  total  loss  as  not  to  be  worth  picking,  about 
80  per  ct.  being  worthless  and  only  1  per  ct.  free  from  mildew. 
This  was  markedly  different,  as  usual,  from  any  of  the  sulphured 
plats.  The  fine  flour  plat  was  between  the  other  two  plats  in  this 
case  and  formed,  as  shown  by  the  table,  a  striking  contrast  to  the 
sulphured  plats  on  either  side. 
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Lehman  yard,  Sharon  Springs. —  This  yard  was  located  near  Sharon 
Spring  on  rolling  land.  The  year  previous  sulphuring  operations 
had  not  been  sucoessful.  The  crop  was  a  complete  failure.  It  was 
the  intention  of  the  writer  to  supervise  the  sulphuring  here  personally 
but  this  proved  impossible  because  the  numerous  rains  made  repeated 
sulphuringB  necessary  in  other  yards  and  hind^ed  travel.  Several 
visits  were  made  to  this  yard  during  the  summer. 

A  check  plat  ten  hills  square  was  left  unsulphured  in  one  comer 
of  the  yard.  The  other  plats  were  each  ten  rows  wide  and  ninety- 
five  hills  long.  As  this  yard  was  at  a  considerable  distance  from 
Cooperstown  where  the  weather  record  was  made,  Mr.  Lehman 
kept  his  own  record  of  the  dates  on  which  rains  occurred,  together 
with  the  dates  on  which  sulphur  was  applied.  This  record  is  shown 
in  the  following  table: 

Tabjm  IX. —  Rboord  op  Rainfall  and  SuLPHVBiNa  in  Lbhiian  Yard,  1914. 


Datei  of  sulphuring. 


Dfttea  of  rains. 


Juoe 
June 
My 
July 


15. 

2d. 

4. 

8. 


July 

July 

July 

July 

August 

August 


13. 
20. 
25. 


June       7. 


July 
July 
July 
July 


1 

5and7 

9 

11 


July      23. 

July      29. 

31 !  August    1. 


3. 


I 


Remarks. 


August 
August 


8 '  August  10. 

I  August  12. 

15 '  August  14. 

22 t  August  20. 

, !  August  24. 


Heavy  rain. 

Rain. 

Very  heavy  rain. 

Heavy  rain. 

Rain. 

Rain  and  hail. 

Rain. 

Rain. 

Rain. 

Rain  nearly  all  week. 

Rain  nearly  all  week. 

Rain. 


From  this  table  it  is  apparent  that  several  of  the  twelve  sulphur- 
ings  made  were  followed  almost  immediately  by  rain.  The  only 
treatments  not  followed  by  rain  on  the  first  or  second  day  after 
the  application  were  those  made  on  July  13  and  25  and  on  August  3. 
These  are  probably  the  applications  on  which  the  control  princi- 
pally depended.  A  light  application  made  about  June  15  and  one 
on  June  29  were  made  with  flowers  of  sulphur  uniformly  to  the 
entire  field.    That  on  Jime  29  was  followed  by  a  heavy  rain  so 
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probably  need  not  be  considered.  The  three  different  kinds  of 
sulphur  were  used  first  on  July  4.  An  estimate,  based  on  the  amounts 
used  out  of  the  barrels  on  July  14,  indicated  that,  in  the  first  three 
applications,  about  125  poimds  of  fine  flour  sulphur  had  been  used, 
about  130  pounds  of  heavy  flour  sulphur,  and  flowers  of  sulphur 
100  pounds.  At  the  end  of  the  season  approximately  Hxe  following 
amounts  had  been  used: 

Tabia  X  —  SuLPHUBiNO  IS  LiHif  AN  Yabd,  1914. 


PLAT. 


Unsulphured 

Heavy  flour  sulphur. 
Flowers  of  sulphur. . 
Fine  flour  sulphur*. . 


SITLPHUB  PBB  VLAT. 

Per 

Total. 

applica^ 

tion. 

Lb9. 

Lb9. 

0 

0 

300 

30 

360 

36 

400 

40 

*  Fifty  pounds  of  flowers  of  sulphur  was  used  on  this  plat  iix  the  last  application. 

In  this  yard  mildew  was  very  plentiful  on  June  14  and  fairly  well 
distributed,  though  somewhat  worse  in  the  part  treated  with  heavy 
flour  sulphur.  On  July  14,  much  of  the  mildew  still  appeared 
healthy.  By  August  1,  however,  a  great  improvement  in  the  con- 
dition of  the  yard  was  noticed.  At  this  time  some  sulphur  was 
noticed  on  the  leaves  in  the  check  plat  where  it  had  drifted  with 
the  wind.  On  August  25,  it  was  apparent  that  very  little  loss 
would  occur  in  any  plat  except  the  unsulphured  one.  Samples 
were  collected  in  this  yard  on  September  4  and  an  examination 
of  the  hops  gave  the  following  results: 

Table  XI  —  Condition  of  Hops  in  Lshman  Yard  at  Picxinq  Timb,  1914. 


Total 
number. 

FRBS  FBOV 
lOLDSW. 

SUOHTLT 
lOLDSWXD. 

YALUBLaBSS. 

FLAT. 

Number. 

Per- 
centage. 

Number. 

Per- 
centage. 

Number. 

Per- 
centage. 

Unsulphured 

Flowers 

933 

786 

1,004 

912 

78 
658 
744 
747 

8.3 
83.76 
74.1 
81.9 

317 
72 

134 
92 

34.0 
9.15 
13.35 
10.1 

538 
56 

126 
73 

57.7 
7.1 

Heavy  flour 

Fine  flour 

12.55 
8.0 
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The  plat  left  untreated  was  not  so  badly  mildewed  in  this  case 
ns  in  some  of  the  other  yards,  probably  because  the  wind  happened 
to  be  right  to  blow  the  sulphur  into  it  several  times  when  the  rest 
of  the  yard  was  being  treated.  Still,  it  presents  a  strong  contrast 
to  the  rest  of  the  yard.  When  observations  were  made  on  August  25 
and  S^tember  4,  Mr.  Lehman  and  the  writer  agreed  that  the  plat 
dusted  with  fine  flour  sulphur  was  in  slightly  better  condition  than 
dther  of  the  other  treated  plats.  The  writer  believes  it  was  better, 
but  that  by  chance  one  of  the  samples  used  in  the  preparation  of 
the  table  was  not  exactly  representative.  The  di£Ference  between 
the  two  plats  was  not  great,  however,  and  the  results  as  shown 
in  the  table  correspond  otherwise  very  well  with  field  observations. 

Busad  yard,  Milford. —  This  yard  was  considered  desirable  for 
experimental  use  because  it  consisted  ahnost  entirely  of  Canada  red 
vines  which  is  one  of  the  varieties  most  susceptible  to  attack  by 
the  mildew.  This  yard  has  been  under  observation  for  several 
years.  In  1911,  it  was  a  total  loss  from  mildew.  In  1912,  the 
mildew  had  a  good  start  in  the  yard  on  June  10.  During  that  year 
the  hop-growers  of  Milford  formed  an  association  with  Mr.  C.  L. 
Slocum  in  charge  to  advise  in  control  work.  The  fight  with  the 
mildew  proved  strenuous  throughout  the  summer  but  ended  with 
very  little  loss.  The  quantity  of  sulphur  used  was  about  three 
hundred  pounds  per  acre.  During  the  following  season  the  con- 
ditions and  results  were  much  the  same.  The  yard  was  utilized 
m  a  test  of  two  kinds  of  sulphur.  A  plat  ten  hills  square  was  left 
untreated.  Although  some  sulphur  drifted  into  this  plat  the  loss 
from  mildew  was  fully  50  per  ct. 

The  yard  is  situated  just  outside  the  village  of  Milford.  It  lies 
on  the  side  hill  on  the  west  side  of  the  valley.  In  1914  it  was  divided 
into  three  main  plats  with  a  fourth  plat  ten  hills  square  in  the 
southwest  comer  left  untreated  for  a  check.  The  first  ten  rows  on 
the  west  side  were  dusted  with  flowers  of  sulphur,  the  next  ten  rows 
with  heavy  flour  sulphur  and  the  last  fourteen  rows  on  the  east  side 
with  fine  flour  sulphur. 

In  an  examination  of  this  yard  on  June  18  no  mildew  was  foimd, 
although  one  mildewed  hill  had  been  found  in  an  adjacent  yard. 
On  iTiftlring  another  examination  on  Jime  24,  a  few  young  mildew 
q[>ots  were  found  throughout  the  yard,  but  more  niunerous  on  the 
east  side.    A  fresh  crop  of  mildew  was  also  found  in  this  yard  on 
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July  13.  On  July  24,  the  yard  did  not  seem  to  have  improved  much 
as  fresh  mildew  was  still  appearing  to  a  limited  extent.  On  August 
6  the  mildew  seemed  to  be  pretty  thoroughly  checked  exc^t  in 
the  unsulphured  part  of  the  yard  where  it  was  attacking  the  young 
hops. 

The  writer  was  present  when  part  of  the  treatments  were  made 
in  this  yard.  The  others  were  made  by  Mr.  Russel,  alone,  with 
his  machine  adjusted  as  nearly  as  possible  in  the  same  manner. 
The  amounts  of  sulphur  used  at  each  application  made  when  the 
writer  was  present  will  be  given  and  the  total  amount  of  each  kind 
used  for  the  season.    The  following  table  gives  this  record: 

TaBLB  XII  —  SULPRUBINO  OW  RUSSBL  YaRD  IK  1914. 


DA19. 


BULFHUB  PBB  ACBB. 


Flofran. 


Heavy 
flour. 


Fine 
flour. 


June  27. 
July  3. 
July  15. 
July  25. 
Aug.  6. 
Aug.  13. 


Total... 
Average. 


Lb$, 
40 


47 
50 


304 
51 


Lbs, 
30 


52 
7i 


322 
54 


Lb9. 
30 


39 
43 


237 
39.5 


As  in  several  other  cases,  some  sulphur  was  blown  into  the  part  of 
the  yard  that  was  intended  to  be  left  untreated.  In  this  case  the 
comer  of  the  yard  that  seemed  the  most  desirable  place  for  the 
check  plat  from  the  standpoint  of  the  usual  direction  of  the  wind, 
could  not  be  used  because  woodchucks  had  eaten  many  of  the  vines 
early  in  the  season  and  the  new  growth  of  vines  which  came  up 
later  was  thought  to  be  more  susceptible  to  the  mildew.  Little 
mildew  was  seen  in  the  untreated  portion  until  the  middle  of  July. 
However,  as  usual,  it  rapidly  increased  after  the  young  hops  b^an 
to  form. 
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Samples  were  collected  from  this  yard  on  August  27.    An  exami- 
nation of  these  hops  gave  the  results  shown  in  the  following  table: 


Tassm  XITT  —  CoHDmoif  or  Hops  at  Pickino  Tna  in  Rubbsl  Yard,  1914. 


FLAT. 

Total 
nomber. 

WBEM  FBOM 
MILDSW. 

SLEOBTIjT 
lOLDSWKD. 

VALUBIA8S. 

Number. 

Pte- 
oentagB. 

Number. 

Per- 
oentagB. 

Number. 

Per- 
oentaga. 

Unaolpfaured 

Flowers 

856 

987 

1,070 

1,152 

52 

978 
900 

6.08 
85.9 
91.4 
78.1 

561 

118 

79 

224 

65.5 

12.0 

7.4 

19.4 

243 
21 
13 
28 

28.4 
2.1 

HeaTy  floor 

FSne  floor 

1.2 
2.4 

The  unsulphured  portion  of  the  yard  was  not  as  badly  mildewed 
as  had  been  the  case  in  some  instances,  but  still  presented  a  strong 
contrast  to  the  rest  of  the  yard.  In  such  a  yard  as  this,  there  can 
be  little  doubt  that  the  loss  would  have  been  complete  had  no 
sulphuring  been  done.  The  check,  as  it  was,  however,  presents 
a  sufficiently  strong  contrast  to  the  rest  of  the  yard  for  our  purposes. 
Between  the  other  plats  little  difference  could  be  seen  by  inspection. 
Early  in  the  season,  as  previously  mentioned,  more  mildew  was 
present  in  the  fine  sulphur  part.  This  was  checked,  however,  and 
at  picking  time  little  mildew  could  be  seen  in  any  of  the  dusted 
plats.  It  will  be  noticed  that  the  percentage  of  badly  mildewed 
hops  as  recorded  in  the  table  varies  only  about  one  per  ct.  between 
the  different  samples,  which  is  only  such  a  variation  as  might  be 
expected  between  two  samples  from  the  same  plat.  The  percentage 
of  slightly  mildewed  hops  is  against  the  fine  flour  sulphur  by  a  small 
amount.  No  very  important  difference  in  the  sulphured  plats 
can  be  claimed,  however.  In  a  measure,  the  conditions  in  this  yard 
may  be  considered  the  reverse  of  the  conditions  in  the  Wedderspoon 
and  Utter  yards  where  the  mildew  was  thickest  early  in  the  season 
in  the  parts  dusted  with  flowers  of  sulphur;  but  in  this  case  it  was 
iQore  strongly  checked. 
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BUMBfiART  OF  RESULTS  IN  SIX  YARDS. 

The  results  of  control  experiments  with  different  kinds  of  sulphur 
are  brought  together  into  one  table  in  order  that  the  results  of  the 
different  experiments  may  be  more  readily  compared  and  summarized. 
The  total  amounts  of  sulphur  applied  to  the  different  plats  and  the 
number  of  applications  for  the  different  yards  are  summarized  in  the 
following  table: 


T^BLB    XrV. —  SuiaUBT  OFSuLPHUB  AfPLECATIONS  in  PbECEDINO  EzPBBDIENn. 


Number 
of  appli- 
cations. 

SULPHUB  FSB  ACBX. 

^r  A  ^v^ci 

FLOWXB8. 

HBi^TT  FLOUB. 

FINE  FLOUB. 

Total. 

Per 
appli- 
cation. 

Total. 

Per 
appU- 
cation. 

Total. 

Per 
appli" 
cation. 

Lehman 

11 
4 
6 
5 
4 
5 

Lb8. 

360 

277 

304 

212.5 

278 

295 

Lbs, 
33 
69 
51 

42.5 
60.5 
59 

Lbs. 
300 

322 
250 
276 
306 

Lbs. 
27 

"54" 
50 
69 
61 

Lbs. 

400 

262 

237 

212.5 

191 

289.5 

Lbs. 
36 

King  No.  3 

Ruasel 

66.5 
39.5 

Wilaey 

42.5 

Utter 

48 

Wedderspoon 

58 

Average 

287.7 

54 

291 

52 

265.3 

48 

It  is  apparent  from  the  table  that,  while  the  intention  was  to 
apply  the  same  amount  of  sulphur  to  all  plats  and  usually  about 
fifty  pounds  per  application,  considerable  variation  from  this  schedule 
occurred  due  to  difficulty  in  r^ulating  the  machines.  The  average 
amounts  per  application  are  nearly  the  same.  There  was  in  some 
cases  a  difficulty  in  getting  machines  to  apply  as  niuch  of  the  fine 
flour  sulphur  as  was  applied  of  the  coarse  flour  and  the  flowers.  This 
should  perhaps  be  borne  in  mind  in  considering  results:  i.  e..  if  there 
was  any  advantage  in  amounts  of  sulphur  used  it  was  against  the 
fine  flour  sulphiir. 

The  following  table  gives  a  summary  of  the  results  on  the  yards 
included  in  the  above  table: 


L 
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Tabub  XV  —  SuiocjiRT  or  Rksultb  of  Six  ExpiBnaim  with  Difteiubnt  Eindb 

OF  Sulphur  for  the  Control  of  Hop  Mildew. 


TARBS. 

Total 

number 

hope. 

FRSB  FROIC 
lOLDXW. 

sliohtlt 
mildewrd. 

yalubless. 

Number. 

Pei^ 

oentage. 

Number. 

Per- 
centage. 

Number. 

Per- 
centage. 

LeiiiDan 

King  No.  3 

Riwd 

Wihey 

Utter 

WedderqKX>n. . . 


Average 

ProbaUe  error 


Lehman 

Roael 

WHsey 

Utter 

Wedderapoon. 

Average 

Pft)bable  error 


Ldunan 

King  No.  3... 
RuaKl 

Wilaey 

Utter 

Weddaqx)on. 


Avenge 

PR>bab]e  error 


Ufuvlphured  pUUs. 


933 
1,601 

866 
1,093 
1,667 

770 


78 
0 
62 
12 
62 
77 


8.3 
0.0 
6.08 
1.1 
3.9 
10.0 


4.9 
=kl.O 


317 
'68 
661 
227 
687 
316 


34.0 
4.25 
65.6 
20.8 
37.6 
40.9 


33.8 
=k6.0 


1,004 
1,070 

633 
1,300 

681 


Svlphvred  wUh  h&wy  flour  tvlphvr. 


744 
978 
367 
1,164 
698 


74.1 
91.4 
68.9 
88.8 
87.8 


82.2 

di2.8 


134 

79 
141 
110 

77 


13.35 
7.4 

26.4 
8.4 

11.3 


13.37 
=b2.0 


Sidpkvred  with  fine  flour  9ulphur, 


912 
1,119 
1,162 

487 
1,647 

702 


747 
881 
900 
468 
1,168 
626 


81.9 

78.7 

78.13 

94.04 

74.9 

69.2 


82.81 

=kl.8 


92 

217 
224 

27 
217 

71 


10.1 
19.4 
19.44 
6.66 
14.0 
10.1 


13.1 
=kl.4 


638 
1,633 
243 
854 
918 
378 


126 

13 

26 

36 

6 


73 
21 
28 

2 
172 

5 


67.7 

96.75 

28.4 

78.1 

68.6 

39.1 


61.3 

db6.8 


T^mufi    

8% 

786 

1,269 

987 

644 

1,197 

1,106 

Uphured  « 

668 
874 
848 
271 
649 
899 

nthfloweri 

83.76 

69.4 

86.9 

42.08 

46.8 

81.4 

1  of  8ldph\ 

72 
276 
118 
305 
469 
176 

9.15 
21.84 
12.0 
47.36 
38.4 
16.9 

56 
110 

21 

68 
189 

30 

7.1 

Kkg  No.  3 

Ruaael 

8.74 
2.1 

Wihey 

10.67 

—'"'J ..... ..... 

Utter 

16.8 

Wedderapoon. . . . 

2.7 

Average 

I^bable  error . . . 

68.06 
=k4.9 

24.11 

:i:3.9 

7.83 
=kl.3 

12.66 
1.2 

4.7 
2.8 
0.9 


4.43 
dil.3 


8.0 

1.9 
2.43 
.41 
11.1 

.7 


4.09 
=bl.l 
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It  is  clear  from  this  table  that  the  yards  used  in  these  experi- 
ments would  have  been  practically  a  complete  loss  if  they  had  not 
been  sulphured.  It  scarcely  needs  the  explanation  that  probably 
in  no  case  was  the  check  so  severely  attacked  as  it  would  have  been 
if  most  of  the  yard  had  not  been  sulphured.  This,  as  has  been 
previously  pointed  out,  is  because  a  little  sulphur  was  blown  into 
the  check  plats  in  nearly  all  cases  and  because  in  leaving  a  small 
area  of  this  kind,  frequently  in  a  part  of  the  yard  where  there  was 
less  mildew,  the  chance  for  infection  was  reduced. 

The  conditions  given  above  should  not  be  taken  as  representative 
of  the  average  field,  but  rather  of  the  type  of  field  selected  for  this 
experiment.  That  most  yards  would  approximate  these  conditions 
seems  likely,  still  yards  occasionally  pass  through  the  season  xmsul- 
phured  with  little  injury  from  mildew.  On  the  other  hand,  with 
the  exception  of  a  few  native  red-vine  yards,  the  writer  knows  of  no 
instance  in  which  an  unsulphured  yard  has  continued  year  after  year 
to  escape  serious  injury  from  mildew. 

The  experimental  yards  were  selected,  however,  because  they  had 
been  injured  seriously  by  the  mildew  the  year  previous,  and  because 
some  mildew  was  present  in  the  spring  of  the  current  season,  so  that 
a  good  test  of  sulphuring  could  be  expected.  It  is  clear  from  the 
results  on  the  check  plats  that  where  the  mildew  has  appeared  by  the 
middle  of  June  or  earlier  the  loss  is  fairly  certain  to  be  nearly  or 
quite  total  providing  the  normal  amount  of  rainfall  occurs. 

The  difference  between  the  average  results  for  the  check  plat  and 
the  average  results  for  the  plats  dusted  with  sulphur  is  large  enough 
to  be  decidedly  significant,  as  is  also  the  difference  in  each  separate 
experiment.  That  is  to  say,  in  this,  the  worst  year  so  far  encountered 
for  successful  sulphuring,  approximately  80  per  ct.  of  the  hops  were 
free  from  mildew  on  the  treated  plats  as  compared  with  5  per  ct.  on 
the  check  plats.  On  the  sulphured  plats  95  per  ct.  of  the  hops  were 
salable.  Of  these  15  per  ct.  were  slightly  injured  but  for  the  most 
part  they  could  not  be  detected  m  the  dried  sample.  Though  38 
per  ct.  of  the  hops  on  the  checks  are  classed  as  salable,  only  5  per  ct. 
were  free  from  mildew,  so  that  the  quality  of  these  was  much  poorer 
than  of  those  classed  as  salable  in  the  case  of  the  sulphured  plats. 
If  the  whole  yard  had  been  like  the  check  plats,  they  would  not  have 
been  considered  worth  picking  in  most  cases. 

Differences  between  the  results  from  the  use  of  different  kinds  of 
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sulphur  are  much  smaller.  The  very  slight  differences  between  the 
average  results  of  using  the  heavy  flour  sulphur  and  fine  flour  sulphur 
are  of  no  significance,  inasmuch  as  they  are  smaller  in  each  case 
than  the  probable  error.  A  comparison  of  the  results  secured  in 
the  diffo^nt  fields  shows  that  the  results  are  sometimes  slightly 
in  favor  of  one  kind  of  sulphur  and  at  otbar  times  slightly  in  favor 
of  the  other.  It  is  clear  then  that  these  experiments  fail  to  estab- 
lish any  difference  in  value  betwe^i  the  fine  and  coarse  flour  sulphur 
used  for  dusting  hops.  The  only  indication  that  fine  sulphur  may 
be  better  is  contained  in  the  fact  that  in  making  applications  of  fine 
flour  sulphur  we  usually  failed  to  apply  quite  as  much  as  of  the 
coarser  or  heavy  flour  sulphur  in  getting  these  results. 

In  the  case  of  the  flowers  of  sulphur,  the  average  results  differ 
more  markedly  from  the  results  of  the  use  of  the  other  two  kinds. 
The  results  for  the  flowers  of  sulphur  are  not  uniform,  however, 
which  makes  the  probable  error  high  and  indicates  that  this  average 
is  less  dependable  than  the  others.  In  three  cases,  as  previously 
explained,  the  parts  of  the  yards  treated  with  flowers  of  sulphur 
seemed  to  be  slightly  more  subject  to  attack  of  the  mildew.  On 
the  other  hand,  in  two  yards  the  liability  to  mildew  was  rather  in 
the  other  direction.  In  each  case  this  was  reflected  in  the  results, 
but  less  markedly  in  the  cases  where  fine  and  heavy  flour  sulphur 
were  applied.  These  results  indicate  that  the  flour  sulphur  of  the 
two  different  degrees  of  fineness  used  in  these  experiments  is  certainly 
as  effective  for  preventing  the  mildew  as  the  flowers  of  sulphur. 
There  is  also  a  basis  for  a  strong  presumption  that  the  flour  sulphur 
is  a  little  more  effective  and  dependable. 

SXTlOfART  OF  ALL  COOPERATIVE  EXPERIMENTS. 

A  number  of  other  experiments  have  been  carried  out  in  whicb 
either  two  or  three  kinds  of  sulphur  were  tried  side  by  side  during  the 
years  1912, 1913  and  1914.  In  all,  there  have  been  made  twenty-seven 
such  experiments  involving  about  seventy-five  acres  of  hops  scattered 
throng  several  counties.  In  twelve  of  these  experiments  unsulphured 
portions  were  left  as  checks.  In  all  cases  except  in  the  six  experi- 
ments already  described,  determination  of  the  results  was  made 
only  by  inspection  of  the  yards  at  picking  time.  In  twelve  cases 
a  record  was  made  of  the  amounts  of  sulphur  applied,  dates,  etc. 
In  the  rest  of  the  experiments  the  sulphuring  was  carried  out  by  the 
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growers,  who  applied  the  two  or  three  kinds  of  sulphur  to  equal 
parts  of  the  same  yard  in  as  nearly  equal  amounts  as  possible.  The 
amounts  applied  were  checked  up  from  time  to  time  to  see  that 
approximately  the  same  amounts  per  acre  were  used  on  the  different 
plats.  The  following  table  gives  a  summary  of  the  amounts  of 
sulphur  used  in  the  yards  in  which  untreated  plats  were  left: 

Table  XVI. —  Summabt  of  SuLPHURiNa  in  Twelve  Expeumbntb. 


Nrnn- 
ber  of 
applica- 
tions. 

BTTLPHtTB  FEB  ACBE. 

YARD. 

FLOWERS. 

HBAVT  FLOUB. 

FINa  FLOUB. 

Total. 

Per 
applica- 

tlOIL 

TotaL 

Per 
applica- 
tion. 

Total. 

Per 
applica- 
tion. 

King  No.  1  (1913) 
King  No.  2  (1913) 
WU8ona913).... 
Rn.sfteH1913).... 
Bellinger  (1913).. 
King  No.  2  (1914) 
Wilsey  (1914).... 
Weddergpoon 

(1914) 

Lehman  (1914)... 

Utter  (1914) 

King  No.  3  (1914) 
Ru8ael(1914).... 

3 
4 
4 
6 
5 
3 
5 

6 
11 
4 
4 
6 

Lbs, 

188 

236 

218 

300 

250 

142 

212.5 

295 
360 
278 
277 
304 

Lbs. 
63 
59 
54.5 
50 
50 
47 
42.5 

59 

33 

69.5 

69 

51 

Lbs, 
150 

"265 

"266 

"256 

306 
300 
276 

322 

Lbs. 
50 

*   '"64 

'"'46 

""56 

61 
27 
69 

'"'54 

Lbs. 

135 

226 

230 

300 

250 

139 

212.5 

289.5 

400 

191 

262 

237 

Lbs. 
45 
56.5 
57.5 
50 
50 
46 
42.5 

58 

36 

48 

65.5 

39.5 

Average 

255 

54 

257 

52 

239 

49.5 

It  is  apparent  that  slight  variations  occurred  in  nearly  all  instances 
due  to  the  difficulties  in  regulating  the  machines,  the  only  constant 
variation  being  the  tendency  to  apply  less  of  the  fine  flour  sulphur 
than  of  the  other  kinds. 

In  many  cases  it  was  found  impossible  to  make  any  distinction 
between  the  control  of  the  mildew  on  the  plats  treated  with  the 
different  kinds  of  sulphur.  That  is,  in  1912  and  1913,  the  control 
was  frequently  so  good  in  sulphured  parts  of  yards  that  scarcely  any 
mildew  could  be  found.  With  one  possible  exception,  the  twelve 
unsulphured  plats  developed  serious  losses  raiding  from  SO  per  ct. 
to  a  total  loss.  In  the  twenty-seven  trials  of  flowers  of  sulphur 
and  fine  flour  sulphur  in  the  same  yard,  the  flowers  of  sulphur  plat 
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was  distinctly  better  in  only  one  instance,  the  fine  flour  sulphur  in 
seven  instances.  In  the  other  yards  there  was  no  appreciable  differ- 
ence. Of  ten  times  that  flowers  of  sulphur  has  been  compared  with 
heavy  flour  sulphur,  the  flowers  of  sulphur  gave  better  results  in  one 
instance  and  the  heavy  flour  sulphur  in  six  instances,  the  other  trials 
being  indeterminate.  In  the  ten  trials  where  fine  and  heavy  sulphur 
have  been  compared,  each  has  appeared  better  three  times  and  the 
other  times  there  was  no  choice.  Clearly  these  results  tend  to  con- 
firm the  6onclusion  previously  stated,  that  heavy  and  fine  flour 
sulphur  are  of  about  equal  value,  with  flowers  of  sulphur  taking  a 
close  third  place.  All  have  proved  entirely  effective  in  the  majority 
of 


OTHER  CHARACTERS  OF  THE  DIFFERENT  KINDS  OF  SULPHUR  TO 

BE  CONSIDERED. 

In  a  previous,  bulletin  ••  the  writer  has  briefly  described  the 
different  kinds  of  sulphur  and  the  methods  of  manufacture.  To 
this  only  a  few  notes  need  be  added  now  concerning  some  experi- 
ences since  1912. 

FLOWERS  OF  SULPHUR. 

The  flowers  of  sulphur  has  been  the  kind  most  largely  used  in  this 
state  for  treating  hops.  Frequent  complaints  have,  however,  been 
heard  that  certain  barrels  of  sulphur  received  will  not  work  in  the 
sulphuring  machines.  During  the  past  season  such  complaints  were 
particularly  frequent.  In  some  cases  several  barrels  of  sulphur  were 
discarded  by  a  single  grower  because  they  could  not  be  used.  In 
many  other  cases  the  growers  persisted  in  trying  to  use  this  sulphur, 
but  were  able  to  apply  only  small  amounts  because  it  would  not 
feed  through  the  machines,  and  the  little  that  would  feed  through 
was  poorly  distributed.  Sometimes  the  resulting  loss  was  much 
greater  than  the  value  of  the  sulphur. 

The  writer  has  often  roughly  examined  such  barrels^  of  sulphur. 
The  color  is  usually  dull  as  compared  with  good  flowers  of  sulphur 
which  is  a  bright  yellow.  Such  sulphur  has  a  tendency  to  pack 
when  pressed  together  in  the  hands  not  noticeable  in  good  flowers 
of  sulphur.    When  put  in  dusting  machines,  it  will  not  feed  well, 

■B]od0Bti,  F.  M.    Hop  Mildew.    NewYorkComeUSta.  Bui.  328:308-309.    1913. 
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tending  to  bridge  over  the  outlet  tube  and  feed  very  irregularly. 
As  it  leaves  the  delivery  tube,  much  of  it  is  in  the  form  of  small, 
flaky  masses  which  do  not  float  well  in  the  air;  hence,  it  does  not 
distribute  well.  In  extreme  cases  it  drops  to  the  ground  as  fast 
as  blown  out,  making  a  yellow  path  along  the  center  of  the  row. 
A  decidedly  acid  taste  was  always  noticed  in  such  sulphur,  while 
no  such  taste  could  be  detected  in  sulphur  of  good  mechanical  con- 
dition. In  order  to  confirm  this  qualitative  test,  samples  were 
taken  from  two  lots  of  sulphur  in  the  poor  mechanical  condition 
mentioned  above  and,  also,  from  a  barrel  of  sulphur  in  comparatively 
good  mechanical  condition.  These  samples  have  been  tested  for 
acid  content  by  M.  P.  Sweeney  of  the  Chemical  Department  of 
this  Station.    The  acid  founid  was  sulphuric  acid  as  follows: 

Table  XVII. —  Acid  Contbnt  op  Flowers  op  SuLPHtTB. 


Sample. 

Condition  of  sulphur. 

PERGBNTAOE  OP  SULPHUBIC 
ACID. 

First  test. 

Duplicate  test. 

I 

Good  mechanical  condition 

Poor  mechanical  condition 

Poor  mechanical  condition 

0.07 
1.96 
1.74 

0  07 

II 

1  96 

m 

1  74 

It  is  apparent  that  sufficient  acid  was  present  to  account  for 
the  trouble  described.  The  presence  of  sulphuric  acid  in  sulphur 
naturally  leads  to  the  absorption  of  a  certain  amount  of  moisture 
and  thus  to  the  aggravation  of  the  trouble.  Sifting  the  sulphur 
has  been  reported  to  make  it  worse,  especially  if  done  when  the  air 
is  moist. 

Juritz**  has  recorded  trouble,  which  he  thought  was  caused  by 
the  presence  of  moisture  and  the  moisture  in  turn  was  condensed 
from  the  air  due  to  the  presence  of  a  "  noticeable  —  although  very 
minute  —  quantity  of  sulphuric  acid."  Although  nearly  two  per  ct. 
of  sulphuric  acid  could  scarcely  be  considered  minute,  the  trouble 

M  Jurits,  C.  F.    Sulphur  as  a  pest  remedy.    Agr.  Jour,  Cape  Good  Hope  ZZ :  723-725. 
1908. 
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referred  to  above  is  clearly  only  an  exaggerated  form  of  the  same 
condition. 

No  data  are  available  as  to  the  effectiveness  of  flowers  of  sulphur 
with  a  high  acid  content,  but  it  is  apparent  that  if  it  is  impossible 
to  apply  it  so  as  to  get  a  good  distribution  it  cannot  be  effective. 
Marcille**  has  advanced  the  theory  that  the  efficiency  of  sulphur 
when  used  for  the  control  of  powdery  mildews  is  due  to  the  sulphuric 
acid  contained,  and  he  suggests  that  sulphur  should  be  made  con- 
taining larger  amounts  of  this  acid  to  be  more  effective.  Clearly, 
this  suggestion  is  not  practicable  as  it  is  impossible  to  distribute 
satisfactorily  a  sulphur  containing  a  high  percentage  of  acid. 

FLOUR  SULPHUR. 

A  considerable  amoimt  of  flour  sulphur  has  heea  used  in  the  con- 
trol of  hop  mildew  during  the  past  two  years,  though  not  always 
appearing  imder  that  name.  Part  of  this  was  an  imported  sulphur 
sold  in  bags,  which  was  quite  difficult  to  use  because  it  had  in  many 
instances  become  packed  and  caked.  This  may  have  been  due  to 
the  long  distance  that  it  had  been  transported  and  possibly  to  the 
moisture  absorbed  during  an  ocean  voyage.  At  least  it  could  not 
be  used  without  a  thorough  sifting  to  break  up  the  lumps  and  balls, 
which  was  difficult.  As  a  rule  this  gave  very  poor  satisfaction 
for  the  reason  stated  and  comparatively  little  has  been  used  during 
the  past  season.  During  the  latter  part  of  the  past  season  no  more 
flowers  of  sulphur  were  available  on  the  market,  so  that  a  large 
part  of  the  growers  used  some  domestic  flour  sulphur  at  the  end 
of  the  season.  No  complaints  were  heard  from  this  sulphur  in  the 
brief  time  it  was  tried. 

The  fine  flour  sulphur  used  by  the  writer  was  more  difficult  to 
aft  than  a  good  quality  of  flowers  of  sulphur.  It  was  used  in  both 
kinds  of  dusting  machines  on  the  market  although  with  one  of 
these  it  was  not  always  possible  to  apply  fifty  pounds  per  acre  even 
when  going  in  every  row  with  the  feed  regulating  device  wide  open. 
This  sulphur  was,  however,  quite  uniform  in  mechanical  condition 
and  could  be  applied  much  more  satisfactorily  than  the  acid  sulphur 
above  referred  to.    Usually  some  of  the  clots  or  balls  of  sulphur 


"Maralle,  R.    Sur  le  mode  d'action  du  soufre  utilate  pour  oombattre  roidium. 
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were  not  entirely  broken  up  by  sieving  or  were  formed  afterward, 
but  the  larger  part  of  this  sulphur  formed  a  cloud  that  floated  especi- 
ally well  in  the  air. 

The  heavy  or  coarser  sulphur  used  showed  a  much  less  tendency 
to  pack,  was  easier  to  sift,  and  more  could  be  applied  with  the  types 
of  machines  in  use.  This  kind  of  sulphur  did  not  feed  from  machines 
quite  as  freely  as  the  best  flowers  of  sulphur,  but  no  trouble  was 
experienced  in  applying  a  sufficient  quantity  of  it.  It  did  not  have 
so  much  tendency  to  form  lumps  as  the  fine  flour  sulphur  or  the 
flowers  of  sulphur  with  high  acid  content. 

It  should,  perhaps,  be  here  pointed  out  that  the  results  of  sulphur- 
ing experiments  reported  in  this  bulletin  do  not  disprove  the  theories 
previously  mentioned,  i.  e.,  that  the  finer  sulphur  should  be  expected 
to  be  more  active.  Rather,  it  seems  that  this  advantage  to  be 
expected  from  the  use  of  finer  sulphur  has  been  balanced  by  the 
better  mechanical  condition  of  the  coarser  sulphur.  In  comparison 
to  the  attention  which  has  been  given  to  the  determinations  of  the 
fineness  of  sulphur,  it  seems  that  the  physical  condition  of  the  sulphur 
in  other  respects  has  been  slighted. 

It  should  not  be  imderstood,  however,  that  extremely  coarse 
sulphur  is  recommended  or  thought  desirable.  The  sulphur  appear- 
ing under  the  name  of  heavy  flour  sulphur  in  descriptions  of  the 
experiments  contained  a  considerable  percentage  of  fine  sulphur 
which  was  probably  the  more  effective  part,  while  the  larger  particles 
tended  to  help  the  sulphur  retain  a  better  mechanical  condition. 
It  is  quite  easily  demonstrated  by  dusting  a  leaf  with  this  heavy 
sulphur  and  then  subjecting  it  to  a  light  shaking,  examining  it 
before  and  after  shaking,  that  only  the  finer  particles  are  retained 
on  the  leaves  under  such  conditions.  Undoubtedly,  then,  most  of 
the  coarser  particles  roll  off  from  the  leaves,  fall  to  the  ground  and 
are  wasted.  Though  these  coarse  particles  were  absent  in  the  fine 
flour  sulphur,  a  similar  and  sometimes  greater  loss  occurred  through 
the  tendency  of  the  individual  particles  of  this  sulphur  to  cling 
together  forming  lumps  or  balls  which  fell  to  the  ground.  It  appears, 
then,  that  with  the  present  dusting  machines,  a  considerable  amount 
of  sulphur  is  wasted  and  that  it  is  more  economical  to  waste  it  before 
considerable  labor  has  been  expended  in  grinding  it  fine. 
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USE  OF  MIXTURES  OP.  SULPHUR  AND  UME. 

At  Waterville,  in  1911,  an  experiment  was  carried  out  which  was 
designed  to  determine  the  value  of  a  mixture  of  sulphur  and  lime  as 
compared  with  sulphur  alone  for  combating  this  mildew.  The  results 
of  this  experiment  were  decidedly  against  the  use  of  hme  with  sulphur 
for  this  purpose.  A  brief  report  ^  of  this  experiment  was  made  in 
1913. 

In  1913  it  was  thought  desirable  to  repeat  this  experiment  to 
check  up  previous  results.  For  this  purpose  one  of  the  yards  on  the 
King  farm  at  Index  was  used.  During  the  year  previous  this  yard 
had  been  a  complete  loss  from  mildew  and  the  mildew  was  found 
present  on  June  18  in  1913.  The  yard  was  divided  into  four  plats 
to  be  treated  as  follows  beginning  on  the  west  side: 

Plat  I.  7  by  27  hills,  to  be  untreated  throughout  the  season. 

Plat  II.  10  by  49  hills,  to  be  dusted  with  flowers  of  sulphur. 

Plat  III.  10  by  49  hills,  to  be  dusted  with  an  amount  of  flowers  of 
sulphur  equal  to  that  used  in  plat  II  plus  an  equal  amount  of  hydrated 
lime,  i.  e.,  twice  as  much  of  the  mixture  as  of  sulphur  used  in  plat  II. 

Plat  IV.  10  by  49  hills,  to  be  dusted  with  an  amount  of  sulphur 
and  lime  mixture  equal  to  the  amount  of  flowers  of  sulphur  used  on 

plat  n. 

These  conditions  were  only  approximated  in  practice  as  the  follow- 
ing table  will  show: 


TaB£B  XVin. —  SULFHTTBINO  IN  KlNQ  YaRD  No.  3,   1913. 


DATS. 


Jqhb  22. 
JFdr  3. 
July  15. 
Aurart  5. 
14. 


8ULPHUB   PER  ACRE. 


Plat  No.  2. 

Flowers  of 

sulphur. 


Lbs. 
49 
77 
78 
72 
98 


I 


76 


Plat  No.  3. 
Sulphur  and 
lime  mixture. 


Lbs. 
139 
119 
123 
101 
145 


125 


Plat  No.  4. 
Sulphur  and 
lime  mixture. 


Lbs. 
41 
91 
99 
82 

108 


84 


"Blodeeti,  F.  M.    Hop  mUdew.    New  York  Cornell  Sta.  Bui.  328: 298.    1913. 


284         Repobt  of  the  Department  or  Botany  op  the 

Of  the  applications  made  in  this  yard,  that  on  August  5  was  the 
most  unfortunate,  coming  as  it  did  in  a  critical  time  in  the  develop- 
ment of  the  hops  but  being  followed  by  a  heavy  rain  on  the  day 
following.  An  application  on  July  25  would  have  been  more  desir- 
able. 

The  mildew  was  found  in  this  yard  on  June  18  as  small  spots 
scattered  pretty  evenly  throughout  the  yard  and  an  adjoining  yard. 
In  the  imtreated  portion  of  the  yard  the  mildew  increased  rapidly 
and  quite  covered  the  leaves  of  most  of  the  plants  early  in  July, 
as  also  on  scattered  plants  throughout  the  yard.  In  the  unsul- 
phiu^  portion  of  the  yard  practically  all  of  the  hops  failed  to  come 
out  and  an  examination  showed  that  the  blossoms  and  ''  burs " 
had  been  infected  with  mildew.  In  the  dusted  portion  of  the  yard 
it  seemed  checked  at  times  and  was  at  all  times  better  than  the 
untreated  portion  of  the  yard.  The  most  considerable  increase  of 
mildew  occurred  during  the  last  of  July  and  first  of  August.  Another 
difliculty  developed  in  making  the  applications.  In  applying  large 
quantities  of  the  mixture  of  lime  and  sulphur  in  the  center  of  the  yard, 
it  was  found  that  the  lime  made  a  mixture  that  floated  so  much 
better  in  the  air  than  the  sulphur  alone,  that  with  the  slight  changes 
of  the  wind,  it  was  carried  through  all  parts  of  the  yard  in  quantity. 
It  was  apparent  that  the  strip  of  ten  rows  allowed  was  entirely  too 
narrow.  Thus  it  happened  that  the  plat  intended  for  sulphur 
alone  had  a  considerable  quantity  of  lime  mixed  with  the  sulphur. 
On  the  other  side  of  the  sulphur  plat  was  the  untreated  plat  badly 
infested  with  mildew,  making  the  conditions  very  unfair  for  the 
sulphured  plat. 

At  picking  time  the  unsulphured  plat  was  a  total  loss.  There  was 
much  more  difference  between  the  two  ends  of  the  same  plat  than 
among  the  different  dusted  plats.  A  very  large  proportion  of  the 
hops  on  the  dusted  plats  had  been  attacked  by  mildew  during  some 
period  of  their  growth,  and  so  were  dwarfed  or  injured  in  some  part. 
The  yield  of  this  yard  was  about  half  a  crop,  in  quantity,  of  very 
poor-quality  hops.  The  rather  unsatisfactory  ending  of  the  experi- 
ment is  believed  to  have  been  due  principally  to  the  influence  of 
the  lime  which  drifted  onto  the  hops  of  the  plat  dusted  with  flowers 
of  sulphur. 

Just  over  a  low  stone  fence  from  the  yard  in  question  was  another 
yard  (No.  4)  which  was  dusted  only  with  flowers  of  sulphur.    Sulphur 
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was  Implied  to  the  two  yards  on  the  same  day  in  each  instance  and 
at  the  same  rate  per  acre.  Also  mildew  was  found  in  both  at  the 
same  time  in  the  spring.  It  is  perhaps  fairer  to  compare  the  sulphur 
and  lime  dusted  plats  with  this  yard  than  with  the  sulphured  plat  in 
yard  No.  3  as  the  lime  did  not  drift  into  this  yard  to  any  considerable 
extent.  The  unsulphured  plat  in  yard  No.  4  was  nearly  though  not 
quite  a  complete  loss  and  therefore  not  quite  as  bad  as  the  unsul- 
phured plat  in  yard  No.  3.  The  loss  on  the  unsulphured  portion  of 
this  yard  was  scarcely  appreciable  as  compared  with  the  loss  of  at 
least  half  the  hops  in  the  yard  dusted  with  sulphur  and  lime. 

This,  together  with  the  fact  that  only  similarly  poor  control  of 
mildew  has  been  seciured  in  e3q)erimental  plats  when  the  sulphur 
vid  lime  mixture  was  previously  used,  indicates  that  lime  is  not 
^  proper  diluent  to  be  used  with  sulphur  for  the  control  of  mildew. 
In  one  plat  in  field  No.  3,  over  six  hundred  pounds  of  this  mixture 
was  applied  per  acre  or  over  three  hundred  pounds  of  sulphur.  If 
we  may  judge  by  the  adjoining  field  this  should  certainly  have  been 
more  effective.  During  the  season  of  1914,  fifty  pounds  less  of 
sulphur  per  acre  without  lime  has  proven  much  more  effective  in 
the  same  field  (Table  II)  under  the  more  severe  conditions  of  the 
past  season,  the  check  plat  being  again  a  complete  loss. 

SOME  STATISTICS  OP  CONTROL  IN  HOP-GROWERS' 

ASSOCIATIONS. 

As  previously  described  by  the  writer  (1.  c.)  local  cooperative 
associatiKXis  of  hop  growers  were  organized  three  years  ago  at  Milford 
and  Waterville.  An  expert  was  secured  by  each  association  to  direct 
theb  efforts  toward  the  control  of  the  mildew.  The  writer,  being 
charged  with  general  oversight  of  these  operations,  has  sought  to 
obtain  a  fairly  complete  record  of  this  work.  The  Milford  association 
was  discontinued  at  the  end  of  one  year,  but  the  Waterville  associa- 
tion has  continued  for  three  years.  In  the  latter  association  there 
has  been  represented  each  year  about  500  acres  of  hops.  While 
the  membership  of  the  association  has  varied  from  year  to  year, 
many  yards  have  been  represented  continuously  throughout  the 
three  years.  It  seems  that  an  analysis  of  the  extensive  experience 
of  these  associations  should  throw  some  light  on  the  practical  con- 
trol of  mildew. 
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CBITICAL  PERIODS. 

Some  reference  has  already  been  made  to  the  dates  on  which  new 
mildew  infections  appeared  and  these  are  shown  graphically  in 
Fig.  5.  In  general  it  may  be  said  that  small  amounts  of  mildew 
were  usually  found  in  a  few  yards  of  the  association  between  June  10 
and  15  and  in  a  few  cases  earlier.  With  very  few  exceptions,  all 
yards  in  the  associations  have  had  at  least  a  small  amount  of  mildew 
present  by  July  1.  Usually  there  has  been  an  increase  in  mildew 
shortly  after  the  hops  b^in  to  grow  out  from  the  flower  stage,  at 
which  time  they  appear  to  be  particularly  susceptible  to  attacks  of 
the  mildew.  Thus  new  infections  have  usually  been  particularly 
heavy  from  August  1  to  12.  These  dates  are  only  approximate, 
as  the  periods  of  infection  appear  to  depend  more  particularly  on 
the  periods  of  rainfall.  With  the  infection  appearing  so  generally 
hi  yards  before  the  blossoming  period,  it  is  apparent  that  with  no 
protective  measures,  infections  during  the  blossoming  period  are 
certain  to  be  serious  in  many  cases. 

COMMENCEMENT  OF  SULPHURING. 

The  recorda  of  the  association  work  show  that  the  date  on  which 
sulphuring  has  been  begun  has  varied  more  widely  than  the  dates 
on  which  mildew  was  observed  to  appear.  In  very  few  instances 
has  sulphur  been  applied  as  early  as  June  10.  In  1912,  about  two- 
thirds  of  the  yards  had  been  sulphured  before  the  first  of  July, 
while  most  of  the  remainder  were  treated  by  the  tenth.  In  1913, 
the  majority  of  the  yards  had  been  sulphured  before  the  first  of 
July,  and  most  of  the  remainder  by  the  fifth.  In  1914,  most  of  the 
yards  were  not  dusted  for  the  first  time  until  after  the  first  of  July. 
It  was  particularly  noticeable  that  nearly  all  of  the  few  failures  in 
control,  occurring  particularly  in  1912  and  1913,  were  among  those 
who  delayed  sulphuring  though  advised  to  make  the  appUcations. 
In  several  of  the  more  prominent  of  such  instances,  sulphuring  was 
delayed  till  the  last  of  July  or  first  of  August.  In  1914,  with  extremely 
wet  weather,  a  larger  number  of  losses  occurred.  Many  of  these, 
though  not  all,  could  be  traced  to  poor  control  during  the  early  part 
of  the  season. 

AVERAGE  AMOUNTS  OF  SULPHUR  USED. 
The  following  table  presents  a  summary  of  amounts  of  sulphur 
used  per  acre,  the  number  of  appUcations  and  amounts  per  appli- 
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cation  for  the  Waterville  association.    The  record  is  not  complete 
for  1912  so  that  figures  can  be  given  for  only  part  of  the  acreage  of 

that  year. 

Tabu  XIX. —  Summabt  or  Sulfrurino  in  Hop  Gbowsba'  Abbociatton, 

Waisryillb. 


TKAB. 

Acres. 

weight 
per  acre. 

Average 

numbo' 

applicatioDB. 

Average 

weight  per 

application. 

1912 

299.5 

525 

476 

Ub9, 
165 
160.7 
249 

5.2 

4.5 
5.6 

L6ff. 
31.7 

1913 

35.7 

1914 

44.5 

It  18  apparent  that  in  1914,  with  the  frequent  rains,  the  amounts 
of  sulphur  applied  were  considerably  increased  and  probably  could 
have  been  profitably  still  further  increased  as  there  were  at  least  a 
few  more  losses  in  1914  than  in  previous  years.  These  variations 
in  the  amount  of  sulphur  necessary  in  different  seasons  are  shown 
graphically  in  the  curves  in  Pig.  6,  which  also  give  some  idea  of 
wide  variation  in  the  amoimt  of  sulphur  found  necessary  in  different 
yards  for  the  same  year.  In  a  few  instances  no  sulphur  was  used, 
while  in  others  it  was  considered  necessary  to  use  over  400  poimds 
per  acre.  It  seems  apparent,  then,  that  no  exact  rules  can  be  made 
as  to  amounts  of  sulphur  necessary  to  most  economically  control  the 
mildew  in  all  yards. 


EXPENSE  OP  SULPHURINa 

This  summary  indicates  clearly  that  the  application  of  sulphur  has 
proven  an  economical  means  of  controlling  mildew.  The  average 
amounts  of  sulphur  applied  for  the  season  per  acre  has  been  approxi- 
mately 190  poimds.  Assuming  a  cost  of  $2.75  per  hundred  pounds 
which  is  comparatively  high,  the  average  cost  of  sulphur  per  acre 
^  been  about  $5.25.  The  cost  of  applying  this  has  not  been 
computed  for  the  individual  cases  and  would  imdoubtedly  vary 
much  depending  on  the  size  and  shape  of  the  field  and  many  other 
factors.  One  man  with  a  horse  can,  however,  easily  dust  ten  acres 
in  a  day.    When  a  second  man  assists  by  sifting  sulphur,  thereby 
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saving  delays  for  the  driver,  a  laigor  acreage  can  be  treated.  As  the 
average  number  of  applications  for  the  season  is  about  five,  it  is 
apparent,  then,  that  about  one-half  day's  work  for  a  man  and  horse, 
or  perh£^  $2.00,  must  be  charged  against  each  acre  for  labor. 
The  original  cost  of  sulphuring  machines  has  varied  frcxn  S70  to 
$75.  They  should  last  for  several  years.  The  amount  to  be  charged 
to  each  acre  because  of  depreciation  in  the  machine  should  be  com- 
paratively small,  so  that  the  total  av^'age  expense  of  sulphuring 


Las.  PER  ACRE    50 


Fio.  6.— CtJBVBS  Showing  Amounts  of  Sulphur  Appued  per  Acre  in  1912  ( 

1913   ( )  AND   1914  ( )   BY  THE  WaTERYIUA  AbSOCIATION. 

(Average  amount  in  1913,  160  pounds;  in  1914,  260  pounds.) 

has  probably  not  been  over  $8.00  per  acre.  The  average  yield  per 
acre  for  1913  and  1914  in  the  association  yards  being  58  boxes  or 
about  696  pounds  per  acre,  the  average  expense  of  sulphuring  per 
pound  of  hops  raised  was  approximately  $.0115.  In  other  words, 
with  hops  at  25  cents  per  pound,  it  would  be  necessary  to  save  32 
pounds  per  acre  or  less  than  five  per  ct.  of  the  crop,  to  pay  the 
expense  of  sulphuring.  Obviously  from  the  standpoint  of  expense 
this  method  of  control  may  be  considered  practical. 
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ESTIMATION  OF  RESULTS  OF  SULPHURING. 

Unfortunately  there  is  no  means  of  determining  accurately  the 
amount  of  hops  saved  by  sulphuring  within  these  associations. 
Approximations  may  be  arrived  at  in  several  ways,  i.  e.,  by  comparing 
the  losses  within  the  association  with  losses  before  sulphuring  was 
begun  or  by  comparing  conditions  in  treated  districts  with  other 
places.  Both  of  these  methods  present  difficulties.  The  first  method 
is  not  entirely  reliable  because  previous  to  the  formation  of  the 
association  the  mildew  had  not  become  so  widely  distributed  as  later 
aad,  also,  sulphuring  was  begun  to  a  limited  extent  before  the  associa- 
tion was  formed.  In  1909,  the  mildew  did  serious  injury  in  only 
(M)e  yard  about  Waterville.  In  1910  it  caused  complete  losses  in 
parts  of  three  or  four  yards.  Sulphuring  was  begun  late  in  the 
sommer  of  1910  in  two  yards.  During  the  summer  of  1911  about 
50  horse-power  machines  besides  a  number  of  hand  machines  were 
sold  for  dusting  hops.  A  considerable  part  of  these  were  sold  about 
Waterville,  so  that  more  or  less  sulphuring  was  done  in  1911.  Much 
of  this,  however,  was  done  late  in  the  season  so  that  only  part  of  the 
loss  was  prevented. 

During  the  winter  foUowing,  associations  were  oi^^anized  at 
Waterville  and  Milford  and  question  sheets  were  sent  out  to  the 
members  asking,  among  other  things,  for  estimates  of  the  losses  due 
to  mildew  the  year  previous.  For  the  Waterville  association, 
33  of  the  replies  are  available  involving  a  total  of  354  acres  of  hops. 
Of  these,  six:  acres  were  new  fields  with  no  crop  losses.  Of  the 
remainder,  the  yards  on  six  farms,  involving  a  total  of  92  acres,  had 
been  under  observation  by  the  writer  and  sulphured  imder  his 
direction  in  1911.  The  losses  in  these  yards  were  reported  as  "  none  " 
or  "very  slight."  No  statement  was  made  concerning  34  acres. 
Of  the  remaining  24  farms,  involving  222  acres,  12  were  reported 
to  have  been  sulphured  more  or  less.  Of  these  24,  three  reported 
no  losses,  5  very  slight  losses,  the  remaining  16  reported  losses 
ranging  from  one-fifth  to  the  entire  crop.  The  losses  as  given  total 
approximately  57,000  poimds  of  hops  which  at  the  ruling  price  of 
hops  that  season  meant  a  loss  of  $25,000  to  those  24  farms. 

At  the  end  of  the  season  of  1912,  the  first  year  of  association 

sulphuring,  a  survey  was  made  of  the  results  on  36  f aims  involving 

a  total  of  300  acres.    In  eleven  cases  losses  were  reported  as  very 

Bnall,  while  in  two  cases,  involving  21  acres,  the  total  losses  were 
10 
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estimated  at  about  1,000  pounds.  In  1913,  reports  were  made  on 
525  acres.  No  losses  were  reported  on  56  out  of  61  farms;  slight 
losses  were  reported  on  three  and  serious  losses  on  two.  In  one  of 
these  cases  the  loss  was  reported  as  25  per  ct.  of  the  crop  on  6 
acres  and  was  probably  greater;  in  the  other,  a  40  per  ct.  loss  of 
crop  on  10  acres.  In  both  cases  the  sulphuring  had  been  n^lected. 
In  1914,  the  final  survey  included  476  acres  on  57  farms.  No  losses 
were  reported  on  33  farms;  on  21  farms  losses  were  reported  as 
slight;  and  in  three  yards  as  heavy.  In  one  case  a  loss  estimated 
at  1,800  poimds  occurred,  apparently  due  to  n^ect  of  sulphuring 
early  in  the  season.  In  a  second  case,  where  a  large  amount  of 
mildew  was  present  early,  the  yards  were  reported  in  good  shape 
at  picking  time  except  one  acre.  In  a  third  case  but  few  hops  were 
picked  on  a  seven-acre  yard  which  had  been  sulphured  but  not  fre- 
quently or  heavily  enough,  considering  the  amount  of  mildew  present 
early.  The  yard  was  dusted  four  times  using  about  thirty  pounds 
per  acre.    This  amount  proved  entirely  inadequate. 

No  record  has  been  made  of  the  conditions  in  yards  outside  the 
association  though  the  writer  has  had  occasion  to  observe  them  for 
the  past  several  years.  In  many  cases  growers  not  in  associations 
have  sulphiu^  quite  as  thoroughly  or  more  so  than  those  inside. 
In  some  communities  some  of  the  leading  growers  began  sulphuring 
in  1911  and  were  largely  copied  by  their  neighbors.  In  other  com- 
munities, no  sulphuring  was  done  in  1911  and  1912,  or  only  half- 
heartedly done.  During  picking  time  in  1912,  hundreds  of  acres 
of  hops  never  picked  were  seen  in  such  neighborhoods.  A  few 
yards  usually  escape  the  mildew  for  a  year  or  two  without  treatment, 
but  these  are  rare.  The  result  has  been  that  in  communities  where 
sulphuring  was  not  begun,  complete  losses  have  been  the  rule  and 
it  has  proven  necessary  to  abandon  hop  culture  altogether,  or  adopt 
the  treatment.  One  such  section  was  particularly  noticeable  in  the 
fall  of  1913.  Nearly  two-thirds  of  the  hop  yards  were  not  picked 
or  only  partly  picked.  A  large  part  of  those  picked  were  of 
extremely  poor  quality.  In  the  season  of  1914  a  great  improvement 
was  made  in  this  same  section  even  imder  the  more  adverse  con- 
ditions. A  few  yards  not  picked  were  seen  but  these  were  com- 
paratively rare  as  compared  with  the  year  previous. 


LIMEJSULPHXJE  VS.  BORDEAUX  MIXTURE  AS  A 

SPRAY  FOR  POTATOES.  IH.* 

M.  T.  MUNN. 

SUMMARY. 

The  ei^ijments  described  in  this  bulletin  are,  in  the  main, 
repetitions  of  experiments  made  in  191 1  and  1912  and  reported 
in  Bulletins  347  and  352.  The  results  agree  essentially  with  those 
previously  obtained.  They  show  that  lime-sulphur  is  harmful 
laflier  than  beneficial  to  potatoes. 

Bordeaux  mixture  prevented  tip-bum  to  a  considerable  extent, 
made  the  foliage  daricer  green,  prolonged  the  period  of  growth  and 
increased  the  yield. 

Lime-sulphur,  on  the  contrary,  aggravated  tip-bum,  dwarfed 
the  plants,  shortened  the  period  of  growth  and  reduced  the  yield. 

As  neither  eariy  blight  nor  late  blight  appeared  in  the  experi- 
ment field  during  the  season  nothing  was  learned  concerning  the 
comparative  value  of  the  diGFerent  spray  mixtures  for  the  control 
of  fiiese  diseases. 

The  ei^riment  will  be  repeated  in  1915. 

INTRODUCTION. 

Experiments  made  at  this  Station  in  1911  and  1912  demonstrated 
the  great  superiority  of  bordeaux  mixture  over  lime-sulphur  as  a 
spray  for  potatoes.  The  results  of  these  experiments  were  so 
striking  as  to  leave  little  doubt  that  lime-sulphur  is  not  to  be  recom- 
mended for  use  on  potatoes.  Nevertheless,  it  was  deemed  advisable 
to  repeat  the  experiment  in  1913  and  1914,  because  of  the  uncer- 
tainty concerning  the  value  of  lime-suIphur  as  a  preventive  of  the 
late  blight  {Phytophthora  infestans)  and  rot.  In  the  experiments 
in  1911,  1913  and  1914  there  was  neither  late  blight  nor  rot.  In  the 
1912  experiment  there  was  a  light  attack  of  blight  followed  by  much 
ix>t,  but  as  many  plants  in  the  lime-sulphur  rows  were  already 

*  A  reprint  of  BuOeiiii  No.  307,  February,  1915. 
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dead  when  the  blight  appeared  no  data  on  the  fungicidal  value  of 
the  lime-sulphur  were  obtained. 

Jones  and  Giddings^  compared  the  self-boiled  lime-sulphur 
(Scott's  mixture)  with  bordeaux  mixture  as  a  potato  spray  in  Vermont. 
Four  applications  of  the  self-boiled  lime-sulphur  gave  a  gain  of  37 
per  ct.  over  corresponding  unsprayed  plats,  while  four  applications 
of  bordeaux  mixture  gave  a  gain  of  141  per  ct.  or  nesCrly  toxic  tiymes 
that  of  the  lime-sulphur. 

Clinton'  states  that,  m  Cotmecticut,  in  a  season  with  a  litfle 
injury  from  blight  late  in  the  season,  spraying  potsctoes  with  com- 
mercial lime-sulphur  did  not  prolong  the  life  of  the  vines  or  give 
increased  yields,  while  spraying  with  bordeaux  mixture  did. 

Saf  ro '  conducted  experiments  in  Or^on  to  ascertain  the  chemicals 
occurring  in  the  lime-sulphur  spray  that  were  injurious  to  foliage. 
"  A  1  percent  solution,  approximately  equivalent  to  1  to  35  dilu- 
tion, probably  stronger,  sprayed  upon  potato  foliage,  was  not 
injurious  except  in  one  experiment  where  the  plant  was  drenched 
heavily  with  the  polysulfides." 

Greene  and  Maney  *  in  the  Iowa  experiment,  (grayed  two  dupli- 
cate l-20th  acre  plats  with  5-5-50  bordeaux  mixture  and  sunmier 
strength  lime-sulphur.  Plats  receiving  five  applications  of  the 
Ume-sulphur  out-yielded,  by  12.4  bushels  of  marketable  tubers,  the 
bordeaux  plats  to  which  five  applications  were  given. 

Macoun^  in  experiments  at  the  Central  Experimental  Farm, 
Canada,  made  one  application  of  commercial  lime-sulphur  1-35, 
and  6-4-40  bordeaux  mixture  to  one  row  33  feet  long  of  each  of 
nine  varieties  of  potatoes.  The  bordeaux  rows  out-yielded  the 
unsprayed  rows  by  77  bushels  marketable  potatoes  per  acre,  and  the 
lime-sulphur  rows  out-yielded  the  unsprayed  rows  by  13  bushels 
marketable  tubers  per  acre. 

Dr.  Pethybridge^  has  reported  the  results  of  an  experiment  in 
Ireland  in  which  three  applications  of  lime-sulphur  solution  proved 

1  Jones,  L.  R.,  and  Giddings,  N.  J.    Vt.  Sta.  BuL  142:112-114.    1009. 
>C]int<Hi,  G.  P.    Report  oT  the  Station  Botanist  1900-1910.    Goon.  Sta.  Rpt 
1909-1910:743.     1911. 

*  Safro,  V.  I.    Oregon  Sta.  Research  Bui.  2: 1913. 

*  Greene,  L.,  and  Maney,  T.  J.    Iowa  Sta.  Bui.  149: 1914. 

*  Macoun,  W.  T.    Report  of  the  Dominion  Horticulturist.    Rpt.  of  Experimental 
Farms,  Ganada,  1913.    p.  303.. 

*  Pethybridge,  G.  H.    InvestigatuMis  on  Potato  Diseases  (Thhrd  Report),    /ovm. 
DepL  Agr.  and  Tech.  Instr.  Ireland  12:339.     1912. 
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utterly  uaelees  as  a  preventive  of  blight  and  ret.  Probably,  similar 
results  are  to  be  expected  in  America;  yet  it  seems  worth  while  to 
contiQue  our  experiments  until  the  occurrence  of  an  epidemic  of 
blight  furnishes  an  opportunity  for  a  thorough  test. 

A  second  object  of  the  experiment  in  1913  was  to  determine  the 
effect  of  spraying  potato  foliage  with  milk-of-lime.^ 

THE  EXPERIMENT  IN  1913. 

FLAN,  BCETHODS,  AND  liATERIALS. 

The  plat  of  land  devoted  to  the  experiment  in  1913  was  290  x  66 
feet.  It  contained  twenty-two  rows,  each  having  an  area  of  one- 
fiftieth  acre.  After  excluding  one  row  on  each  side  as  an  outside 
row,  the  remaining  twenty  rows  were  divided  into  five  series  with 
four  rows  in  each  series.  Row  No.  1  of  each  series  was  sprayed 
with  bordeaux  mixture,  Row  No.  2  with  lime-sulphur,  Row  No.  3 
with  milk-of-lime,^  and  Row  No.  4  reserved  as  a  check. 

The  bordeaux  mixture  used  contained  six  pounds  of  copper  sulphate 
and  four  pounds  of  lime  to  each  fifty  gallons  of  the  spray  solution. 
The  lime-6ulphur  solution  was  prepared  by  diluting  a  concentrate 
testing  24^  BeaumS  at  the  rate  of  two  gallons  of  the  concentrate 
to  fifty  gallons  of  water.  This  makes  a  solution  of  the  strength 
commonly  recommended  for  spra3ring  apple  orchards,  viz.,  1  to  40 
when  the  density  of  the  concentrate  is  32°  Beaum£. 

The  first  spraying  was  made  on  Jime  30  when  the  plants  were 
about  ten  inches  high.  After  this  the  bordeaux  rows  and  lime* 
sulphur  rows  were  sprayed  once  every  two  weeks  until  they  had 
received  six  applications.  "  Bugs  "  were  well  controlled  by  adding 
three  poiinds  of  arsenate-of-lead  paste  to  each  fifty  gallons  of  spray 
mixture  used  in  the  applications  of  June  30  and  July  13.  On  the 
same  dates  the  check  rows  were  treated  with  the  same  quantity  of 
araenate-of-lead  in  water  with  equally  good  results. 

The  spray  mixtures  were  applied  very  thoroughly  with  a  knap- 
sack sprayer  at  the  rate  of  150  to  200  gallons  per  acre  in  each  appli- 
cation. 

Tbe  potatoes  were  of  the  variety  Sir  Walter  Raleigh,  and  the  seed 
pieces  were  placed  fifteen  inches  apart  by  the  use  of  gage-rods. 

'  A  report  upon  the  results  obtained  by  the  use  of  milk-of-lime  and  other  sprays 
^ipon  potftto  folisge  will  be  issued  Uter. 
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EFFECT  op  ISE  SPRAY  MDCTURBS  ON  THB  FOUAOE. 

At  the  outset  it  should  be  stated  that  no  early  blight  {MacrO' 
sporium  solani),  or  late  blight  {Phytophthara  infestans),  occurred  in 
the  experimental  field  during  the  season.  Therefore  nothing  was 
revealed  as  to  the  comparative  value  of  the  preparations  as  pre- 
ventives of  potato  blight. 

At  the  time  the  first  application  of  the  spray  mixtures  was  given 
(June  30),  the  plants  were  about  ten  inches  high,  even  all  over  the 
field,  and  growing  vigorously.  Previous  to  the  second  spraying 
all  the  rows  appeared  very  uniform  in  size  and  color  of  foliage,  but 
on  July  21,  one  week  following  the  second  spra3ang,  it  was  first 
noticed  that  the  bordeaux  rows  presented  slightly  greener  foliage 
than  did  the  lime-sulphur  or  the  unsprayed  rows.  On  July  28,  at 
the  time  of  the  third  spraying,  the  difference  in  color  of  foliage 
noted  the  week  previous  was  more  marked  and  in  addition  it  was 
observed  that  the  plants  in  the  lime-sulphur  rows  did  not  stand  as 
erect  as  plants  in  the  other  rows  and  appeared  to  be  somewhat 
smaller.  On  August  4  it  could  be  plainly  seen  that  the  bordeaux 
rows  were  far  superior  to  the  lime-sulphur  rows,  having  heavier 
foliage  of  a  darker  green  color.  The  lime-sulphur  rows  were  inferior 
to  the  check  rows.  They  showed  considerable  tip-bum,  the  lower 
branches  bore  many  yellow  and  dead  leaves,  and  in  some  cases  the 
entire  plant  was  nearly  dead. 

Notes  taken  August  18,  seven  weeks  after  the  first  spraying, 
read  as  follows:  "  The  condition  of  the  foliage  as  shown  by  the 
different  rows  is  particularly  striking  at  this  time,  possibly  because 
of  the  dry  weather.  The  foliage  of  plants  in  the  bordeaux  rows  is 
of  a  darker  green  color  than  in  any  of  the  other  rows,  it  being  decidedly 
greener  than  in  the  lime-sulphur  rows.  The  bordeaux  rows  show 
but  little  tip-burn  and  the  leaves  on  these  appear  larger  than  those 
on  the  other  rows."  "  The  lime-sulphur  rows  show  a  very  inferior 
condition  as  compared  with  the  other  rows.  The  plants  in  these 
rows  show  considerable  tip-bum  and  yellowing  of  the  foliage.  In 
some  cases  whole  branches,  and  occasionally  an  entire  plant,  are 
dead.  Plants  do  not  stand  as  erect  as  in  other  rows.  As  a  whole, 
the  plants  in  these  rows  present  such  an  imthrifty  appearance  as  to 
be  noticeable  at  some  distance." 
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Flea-beetle  injury,  while  very  slight,  was  found  to  be  more  prevalent 
on  the  lime-sulphur  and  unsprayed  rows  than  on  the  bordeaux 
tows. 

On  September  15  a  heavy  frost  occurred,  killing  a  considerable 
number  of  the  then  living  plants  in  the  lower  portion  of  the  field  and 
thereby  making  spraying  and  further  comparison  impossible.  Just 
previous  to  this  date  the  bordeaux  rows  were  in  much  better  con- 
dition than  the  check  rows,  some  plants  of  the  former  holding 
heavy  foliage.  The  lime-sulphur  rows  were  greatly  inferior  to  the 
other  ro¥^,  many  of  the  plants  in  these  rows  being  dead  about  two 
to  three  weeks. 

From  the  season's  observations  and  comparisons  upon  the  foliage 
it  can  be  stated  that  tip-bum  was  the  most  serious  trouble.  The 
bordeaux  rows  were  nearly  free  from  this  trouble  during  the  entire 
season,  while  on  the  lime-sulphur  rows  it  appeared  as  if  the  trouble 
was  aggravated  by  the  lime-€ulphur  spray.  The  yellowing  of  the 
foliage  upon  the  lime-sulphur  rows,  more  especially  that  of  the 
lower  branches,  took  place  early  in  the  season  and  was  followed  by  a 
browning  and  dying  of  the  leaves  which  appeared  cumulative.  A 
large  percentage  of  the  plants  in  these  rows  were  completely  dead 
several  days  before  many  plants  had  died  in  the  check  rows.  It 
appeared  that  the  action  of  the  bordeaux  mixture  was  rather  in  the 
direction  of  checking  or  retarding  the  yellowing,  and  later,  browning 
and  dying  of  the  foliage,  since  these  rows  "were  much  freer  from  this 
trouble  than  were  the  check  rows. 

The  bordeaux  mixture  had  a  decided  influence  upon  the  color  of 
the  foliage.  Three  weeks  after  the  first  spraying  it  was  noticed 
that  the  leaves  of  plants  sprayed  with  bordeaux  mixture  began  to 
assume  a  deeper  green  or  darker  color  of  foliage  than  the  lime-sulphur 
or  the  imsprayed  rows.  This  darker  color  increased  to  a  certain 
extent  and  was  retained  until  late  in  the  season  after  the  bordeaux- 
blue  coating  of  spray  was  mostly  washed  away. 

YIELDS. 

The  following  table  shows  the  kind  of  treatment,  also  the  yield 
of  potato  tubers  as  determined  by  carefully  sorting  and  weighing 
^ach  row  separately  at  the  time  of  digging: 


296 


Report  of  the  Depabtbcent  of  Botany  of  the 


Table  I. —  Comparative  Yields  of  Potatoes  Spbated  with  Borokaux 

MiXTUBB  AND  LiMS-StTLPHUB  DUBHTQ  1913. 


Snd  of  treatment 

Yield  per  Row. 

CoMPUiSD  Yield  per  Acre. 

Row 

No. 

Market- 
able 
tubera 

SmaU 
tubers. 

Market- 
able 
tubera 

Small 
tubera 

Total 
yield. 

1... 

Bordeaux  mixture 

Lba.  . 
170.5 
136.0 

"m.6 

195.5 
117.0 

Lbs. 
18.5 
15.0 

"is. 6 

16.0 
12.0 

"16.5 
15.5 
13.5 

•  ■•••• 

15.0 
11.0 
13.0 

22.6 
17.5 
18.5 

"19.6 

• 

Bv. 

142.1 

113.3 

i36.6 

162.9 

97.5 

*  135.4 
148.3 
110.0 

' ii9.6 

146.6 

96.6 

'ii3".7 

135.8 

94.1 

*  165.8 

Bu. 
15.4 
12.5 

"i2.6 
13.3 
10.0 

*  *  13.7 
12.9 
11.2 

"12.5 

9.1 

18.0 

"18.3 
14.5 
15.4 

•  •■••• 

15.8 

Bv. 
157.5 

2... 

liim^Mnilphur 

125.8 

3... 
4... 

(See  footnote)* 

Check 

142.5 

5... 

Bordeaux  mixture 

176.2 

6... 

liim^Hmlphur 

107.5 

7... 

8... 

Check 

162.5 
178.0 
132.0 

149  1 

9... 

B(»deaux  mixture 

161.2 

10... 

Tiime-Rulphur 

121.2 

11... 

12... 

Check 

143.5 
176.0 
116.0 

132  1 

13... 

Bordeaux  mixture 

155.7 

14... 

Tiime-fnilphur 

114.6 

15... 

16... 

Check 

136.5 
163.0 
113.0 

132.0 

17... 

Bordeaux  mixture 

150.3 

18... 

liime-sulphur 

109.5 

19... 

20... 

Check 

127.0 

121.6 

*  Rows  3,  7, 11,  15  and  19  were  sprayed  with  milk-of-lime.    A  report  upon  the  use 
of  milk-of-lime  and  other  coating  sprays  will  be  issued  later. 

Table  II. —  Suicmarized  Yields  of  Potatoes  Sprayed  With  Bobdsavx 

Mixture  and  Lime-Sulphur  during  1913. 


Kind  of  treatment. 


Bordeaux  mixture 
Check,  unsprayed 
lime-sulphur 


Ayeraqb  Yield  Per  Acre. 


Marketable 
tubers. 


Bv. 
147.2 
120.9 
102.3 


Small 
tubers. 


Bv. 
13.0 
14.5 
13.4 


Total 


Bv. 
160.2 
135.4 
115.7 


Gain  from  vse  of  bordeavz  mixture  24.8  bv.  tvbers  per  acre. 
Loss  from  vse  of  Ume-sulphvr  19.7  &v.  tubers  per  acre. 

The  ^.bove  table  shows  an  increase  in  yield  due  to  the  use  of  bor- 
deaux mixture,  and  a  decrease  in  yield  as  a  result  of  the  use  of  lime- 
sulphur  as  a  potato  spray.  The  results  obtained  are  not  as  striking 
as  those  secured  in  the  previous  two  years.    This  may  be  due  to 
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the  short  growing  season  (109  days)  which  lessened  the  effect  of  the 
bordeaux  mixture  spraying,  since  the  bordeaux  rows  were  holding 
quite  heavy  foliage  at  the  time  of  the  first  killing  frost  which  occurred 
early  in  the  season,  while  the  lime-sulphur  rows  had  been  dead  about 
two  weeks.  A  Uttle  difference  in  the  condition  of  the  foliage  may 
represent  a  large  difference  in  tuber  yield. 

THE  EXPERIMENT  IN  1914. 

PLAN,  METHODS,  AND  MATERIALS. 

The  plat  of  land  devoted  to  the  experiment  in  1914  was  290  x  48 
feet.  It  contained  16  rows,  each  having  an  area  of  one-fiftieth  acre. 
After  excluding  one  row  on  one  side  of  the  field  as  an  outside  row 
the  remaining  fifteen  rows  were  divided  into  five  series  with  three 
rows  in  each  series.  Another  potato  field  adjoining  the  plat  on  one 
side  made  an  outside  row  on  that  side  unnecessary.  Bow  No.  1  of 
each  series  was  sprayed  with  bordeaux  mixture,  Bow  No.  2  with 
lime-mdphur,  and  Bow  No.  3  was  reserved  as  a  check. 

The  potatoes  were  of  the  variety  Sir  Walter  Baleigh,  and  the  seed 
pieces  were  placed  fifteen  inches  apart  by  the  use  of  gage-rods. 

On  July  7,  when  the  plants  were  about  ten  inches  high,  the  first 
application  of  the  spray  solutions  was  made,  using  the  6-6-50 
bordeaux  mixture  and  the  1  to  40  lime-sulphur  solution.  To  control 
the  "  bugs  "  arsenate-of-lead  paste  at  the  rate  of  five  pounds  to  fifty 
gallons  of  water  was  applied  to  the  entire  area  with  a  horse  sprayer. 
This  application  of  the  poison  controlled  the  *'  bugs  "  for  the  season. 

The  bordeaux  mixture  and  the  lime-sulphur  solutions  were  applied 
every  two  weeks  throughout  the  season.  A  knapsack  sprayer  was 
used  and  the  solutions  applied  very  thoroughly  at  the  rate  of  150 
to  200  gallons  per  acre  in  each  application.  Six  applications  were 
made  during  the  season. 

BFFBCT  OF  THE  SPRAT  MIXTURES  ON  THE  FOLIAGE. 

On  July  7,  when  the  first  application  of  the  spray  solutions  was 
made  the  plants  were  very  uniform  in  size  and  even  over  the  entire 
area.  On  August  5,  at  the  time  of  the  third  spraying  no  noticeable 
difference  could  be  seen  in  case  of  any  of  the  rows.  Bains  had  been 
frequent  and  the  entire  area  was  very  even  and  growing  vigoiously. 
August  12  was  the  first  date  when  it  was  evident  that  the  lime-sulphur 
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rows  were  showing  signs  of  dwarfing.  The  plants  in  these  rows  were 
not  as  erect  in  growth  and  appeared  smaller  in  size.  These  differ- 
ences became  more  marked,  and  on  August  27,  shortly  after  the  fourth 
spraying,  the  lime-sulphur  rows  were  plainly  smaller  than  the  other 
rows.  The  bordeaux  rows  were  more  upright  and  holding  heavier 
foliage.  The  amount  of  tip-burning  on  the  bordeaux  rows  was 
considerably  less  than  on  the  lime-sulphur  and  check  rows  which 
appeared  to  be  about  equally  affected. 

On  September  8,  or  just  previous  to  the  fifth  spraying,  these  differ- 
ences were  still  more  marked.  The  lime-sulphur  rows  were  distinctly 
dwarfed  and  the  amount  of  tip-bum  had  increased  on  these  rows  and 
to  some  extent  on  the  unsprayed  rows.  Until  about  September  10 
the  season  was  very  favorable  for  the  growth  of  potato  foliage, 
but  after  that  date  no  heavy  rains  occurred  for  a  short  period  and 
the  weather  was  somewhat  dry  and  warm.  It  was  during  this  period 
that  the  greatest  changes  in  appearance  of  the  potato  plants  took 
place.  On  September  21,  at  the  time  of  the  sixth  spraying,  the  lime- 
sulphur  rows  were  plainly  inferior  to  the  unsprayed  rows.  These 
rows  showed  considerably  more  tip-burn  and  browning  and  dying 
of  the  foliage  than  did  the  unsprayed  rows.  The  bordeaux  rows 
maintained  their  darker  green  color  of  foliage. 

On  September  23,  or  two  days  following  the  sixth  spraying,  a  heavy 
rain  occurred  which  was  followed  by  very  warm,  partly  cloudy 
weather.  This  weather  condition  appeared  to  greatly  aggravate 
the  condition  of  the  foliage  on  the  lime-sulphur  rows.  The  leaves 
became  yellow,  which  was  followed  by  browning,  and,  later,  many 
of  the  lower  branches  and  in  some  instances  whole  plants  became 
brown  and  dead.  On  October  3  the  checks  or  imsprayed  rows  were 
plainly  better  than  the  lime-sulphur  rows.  The  bordeaux  rows  were 
holding  nearly  full  foliage,  there  being  only  a  few  dead  brown  leaves 
on  these  plants. 

The  most  striking  contrast,  as  to  the  effects  of  the  different  kinds 
of  foliage  treatment,  was  evident  on  October  14  when  the  plants  in 
the  bordeaux  rows  first  began  to  turn  brown  and  die.  These  rows 
held  quite  heavy,  green  foliage  until  about  this  date,  while  the 
lime-sulphur  and  check  rows  had  been  dead  at  least  ten  days  to 
two  weeks.  The  beneficial  influence  of  the  bordeaux  mixture  as 
evidenced  by  the  darker  green  foliage  had  been  increasingly  apparent 
since  the  time  of  the  third  spraying  on  August  12. 
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The  foOowing  table  shows  the  kind  of  treatment,  also  the  yield 
of  tabers  as  determined  by  carefully  sorting  and  weighing  each  row 
squirately  at  the  time  of  digging: 


Tabu:  III.— >  CoiiPABATnrB  YneLDS  of  Potatobs  Spratbd  wtth  Bordeaux 

MiXTUBB  and  Lma-SULPHUR  DURING  1914. 


Roir 
No. 


1... 
2... 
3... 
4... 
5... 
6... 
7... 

o. .  . 

9... 
10... 
11... 
12... 
13... 
14... 
15... 


Kind  of  trefttvient. 


Cheek 

Lime-flulphur 

Bordeaux  mixture . 

Check 

Lime-eulphur 

Bordeaux  mixture. 

Check 

Lime-flulphur 

Bordeaux  mixture. 

Check 

Lime-eulphur 

Bordeaux  mixture . 

Check 

Lime-eulphur 

Bordeaux  mixture . 


YcBLD  Pbr  Row. 

- 

COMPUTBD  YlBLD  P 

Market- 
able 
tubers. 

Small 

Total 

Market- 
able 
tubers. 

SmaU 

tubers. 

yield. 

tubers. 

Lbs. 

LbB. 

Ua. 

Bv. 

Bv. 

962.0 

24.0 

386.0 

301.6 

20.0 

361.0 

28.0 

389.0 

300.8 

23.3 

489.0 

26.0 

515.0 

407.0 

20.6 

381.0 

27.0 

406.0 

317.5 

22.5 

361.0 

23.0 

384.0 

300.8 

19.1 

515.0 

28.0 

543.0 

429.1 

23.3 

400.0 

25.0 

425.0 

333.3 

20.8 

381.0 

17.5 

398.5 

317.5 

14.5 

404.0 

28.0 

522.0 

411.6 

23.3 

368.5 

23.5 

392.0 

307.0 

19.5 

361.0 

12.5 

311.0 

300.8 

10.4 

503.0 

17.0 

520.0 

419.1 

14.1 

382.5 

22.0 

404.5 

318.7 

18.3 

353.0 

20.0 

373.0 

294.2 

16.7 

524.0 

18.0 

542.0 

436.6 

15.0 

Total 
Srield. 

B^. 
321.0 
324.1 
427.6 
340.0 
319.9 
452.4 
354.1 
332.0 
434.9 
326.5 
311.2 
433.2 
337.0 
310.9 
451.6 


Tabic  IV. —  Suiuiarubd  Yibldb  of  Potatoes  Spratbd  with  Bobdbattx 

MiXTURB  AND  LllfB-SuLPHUR  DURING  1914. 


Kind  of  treatment. 


Bcrdeanx  mixture 
Cbeck,  utt^irayed 


AVBRAOB  YlBLD  PbR  AcRB. 


Marketable 
tubera 


Bv. 
420.6 
315.6 
302.8 


Small 
tubers. 


Bv. 
19.2 
20.2 
16.8 


Total. 


Bv. 
439.8 
335.8 
319.6 


Gain  from  vae  cf  horddoux  mixhare  104.0  5u.  tubers  per  acre, 
Lm  from  uas  qf  Ume^evlpkur  16  J  Im.  hiben  per  acre. 
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DISCUSSION  OF  RESULTS. 

The  experimeats  of  the  past  two  seasons  were  designed,  in  part,  to 
supplement  the  data  obtained  in  the  work  of  the  two  preceding 
seasons,  hence,  in  a  discussion  of  results  obtained  by  lime-6ulphur 
and  bordeaux  spraying  upon  potatoes,  it  is  advisable  to  take  into 
consideration  these  obtained  m  the  previous  two  experiments. 

The  following  table  summarizes  the  results  of  the  four  seasons' 
tests  with  the  limensulphur  solution  and  bordeaux  mixture  on 
potatoes.  Length  of  growing  season,  number  of  applications  and 
comparative  yields  are  given: 


Tablb  v. —  SuMMABT  or  RssuiAfl  OF  Four  Sbabons'  Tbstb  wiib  Lho-Sulphub 

AND  Bordeaux  Mixture  on  Potatoes. 


• 

1911 

1912 

1913 

1914 

Average 

Gain  from  use  of  bordeaux  mixture. . 
Lofls  from  use  of  lime-sulphur 

Bv, 
100.3 
39.5 

Bv, 

48.2 

39.1 

Bu, 
24.8 
19.7 

Bv, 
104.0 
16.0 

Bv, 
60.3 
28.5 

Number  of  applications  of  qiray .... 
Length  of  growing  season  in  days*.. . 

6 
158 

6 
146 

6 
109 

6 
142 

*  Length  of  growing  season  is  time  between  date  of  planting  tubers  and  first  killing 
frost. 

The  results  obtained  during  the  four  years  are  of  a  confirmatory 
character  and  tend  to  show  that  where  the  productive  life  of  the 
potato  field  was  continued  for  a  longer  length  of  time  than  usual 
a  considerable  increase  in  tuber  yield  resulted.  The  decrease  in 
tuber  yield  on  the  lime-sulphur  rows  was  due  to  the  dwarfing  effect 
of  the  solution  associated  with  the  loss  of  foliage  during  the  latter 
part  of  the  season.  The  factors  influencing  or  causing  injury  to 
potato  foliage  from  the  lime-sulphur  solution  are  thou^t  to  be 
constant  since  the  injury  each  season  appeared  to  be  similar  in 
character  and  cumulative  regardless  of  weather  conditions. 

In  the  last  three  seasons'  tests  it  was  noted  that  there  was  a  marked 
difference  in  the  size  of  tubers  from  the  rows  under  different  kinds 
of  treatment.  Many  of  the  tubers  from  the  bordeaux  rows  were 
somewhat  larger  than  those  from  the  check  rows  and  considerably 
larger  than  those  from  the  lime-sulphur  rows. 
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The  bordeauxed  rowB  held  their  foliage  several  days  longer  than 
the  unsprayed  rowB  and  from  two  to  three  weeks  longer  than  the 
lime-sulphur  rows,  hence  the  results  are  very  much  in  favor  of 
bordeaux  mixture,  while  lime-sulphur  cannot  be  recommended  as  a 
spray  for  potatoes. 

CONCLUSIONS. 

The  results  of  the  past  two  seasons'  work  are  entirely  confirmatory  of 
the  experiments  of  the  previous  two  seasons.  The  relative  efficiency 
of  the  two  sprays,  as  far  as  their  effect  upon  potato  foliage  and 
tuber  yield  is  concerned,  can  be  definitely  stated.  Bordeaux  mixture, 
because  of  its  beneficial  influence  upon  the  leaves,  materially  lengthens 
the  productive  life  of  the  potato  plants  resulting  in  a  marked  increase 
in  yield  of  tubers.  The  lime-sulphur  solution,  because  of  its  injurious 
effect  in  dwarfing  the  plants  and  aggravating  tip-bum,  causes  the 
plants  to  die  ten  days  to  two  weeks  earlier  than  those  in  unsprayed 
rows  and  materially  decreases  the  yield  of  tubers. 

The  effect  of  lime-sulphur  on  late  blight  and  rot  {Phytophthora 
infestans)  is  still  uncertain,  since  it  appeared  in  the  experimental 
field  in  but  one  of  four  seasons'  tests  at  which  time  it  apparently 
failed  to  check  the  disease. 

It  seems  certain,  then,  that  lime-sulphur  should  not  be  used  as  a 
potato  spray,  while  on  the  other  hand  it  pays  to  spray  potatoes 
every  season  with  bordeaux  mixture,  because  the  bordeaux  mixture 
prevents  tip-bum,  prolongs  the  life  of  the  plants,  and  increases  the 
yield  in  dry  seasons,  while  in  wet  seasons  the  protection  against  late 
blight  with  its  resulting  tuber  rot,  may  result  in  marked  gains. 
Potato  growers  should  not  omit  the  spraying  of  potatoes  with 
bordeaux  mixture. 


THE  SPINDLING-SPROUT  DISEASE  OF 

POTATOES/  * 

p.  C.  STEWART  AND  F.  A.  SIRRINE. 

SUMMARY. 

The  superiority  of  northern-grown  over  southern-grown  seed 
potatoes  is  well  known,  but  the  explanation  of  it  is  not  clear. 

On  Long  Island,  in  the  spring  of  19 14,  there  was  much  complaint 
of  the  poor  condition  of  potato  fields  planted  with  home-grown  seed. 
The  stand  was  very  uneven.  There  were  many  small,  weak  plants 
with  very  slender  stems  and,  in  some  fields,  many  missing  hills. 

Upon  investigation  it  was  found  that  the  weak  plants  and  missing 
hills  were,  in  most  cases,  the  consequence  of  using,  for  seed,  tubers 
which  produce  slender,  thread-like  sprouts.  That  is  to  say,  the 
trouble  was  due  to  a  weakened  or  debilitated  condition  of  the  seed 
tubers  for  which  the  writers  propose  the  name  spindling-sprout 
disease. 

The  cause  of  spindling-sprout  is  not  definitely  known  thou^ 
excessive  heat  and  drought  are  suspected  of  being  responsible  for 
it.  On  Long  Island,  the  weather  in  the  summer  of  1913  was  very 
hot  and  dry.  A  similar  disease,  perhaps  identical  with  spindling- 
sprout,  occurs  in  parts  of  Europe,  but  plant  pathologists  are  not 
agreed  as  to  its  cause. 

Although,  imder  exceptional  conditions,  spindling-sprout  may 
occur  as  far  north  as  Canada,  it  is  chiefly  a  trouble  of  southern- 
grown  seed.  Hence  the  use  of  northern-grown  seed  is  a  means 
of  avoiding  it 

Long  Island  potato  growers  using  home-grown  seed  should  make 
a  sprouting  test  of  their  seed  potatoes.  The  appearance  of  spindling 
sprouts  may  be  regarded  as  an  indication  that  the  seed  is  unfit 
for  planting. 

*  A  brief  abstract  of  this  paper  was  published  in  Phytopath,  4 :  395.    Dec.  lOli. 

*  A  reprint  of  Bulletin  No.  399.  March,  1915.  • 
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NORTHERN-GROWN  VS.  SOUTHERN-GROWN  SEED. 

Potato  growers  in  the  Southern  States  use  large  quantities  of 
northern-grown  seed.  Their  experience  leads  them  to  believe  that 
better  stands  and  larger  yields  are  obtained  from  northern-grown 
than  from  southern-grown  seed.  Moreover,  the  results  of  numerous 
experiments  in  England  and  America  indicate  the  superiority  of 
northern-grown  seed  potatoes.  It  appears  that,  in  some  manner 
not  fuUy  understood,  potatoes  are  debilitated  by  growing  in  a  warm 
climate.  Even  as  far  north  as  Long  Island  the  place  of  origin  of 
seed  potatoes  is  considered  important.  However,  on  Long  Island, 
popular  opinion  on  the  subject  is  somewhat  divided.  While  the 
prevailing  opinion  favors  northern-grown  seed  it  is  a  fact  that  large 
quantities  of  home-grown  seed  are  planted  every  year.  Some 
plant  northern  seed  every  other  year  and  home-grown  seed  in  the 
alternate  years.  Others  follow  the  practise  of  planting  each  year 
a  small  quantity  of  northern  seed  to  raise  tubers  with  which  to  plant 
the  principal  part  of  their  acreage  the  following  year.  Some  use 
seed  which  has  been  grown  on  Long  Island  two  or  three  years  in 
succession. 

In  some  seasons  little  fault  is  found  with  home-grown  seed.  In 
fact  it  happens,  frequently,  that  home-grown  seed  gives  better 
stands  than  northern-grown  seed;  but  in  other  seasons  there  is 
much  complaint  about  poor  results  from  home-grown  seed. 

SPINDLING-SPROUT  ON  LONG  ISLAND  IN  1914. 

During  the  season  of  1914  such  complaint  was  general.  Almost 
every  field  planted  with  home-grown  seed  was  in  poor  condition. 
There  were  many  missing  hills  and  the  plants  which  grew  varied 
much  in  size.  Many  plants  were  small  and  weak  and  had.  very 
slender  stems.  Some  fields  were  in  such  poor  condition  that  it 
was  deemed  advisable  to  plow  them  and  replant  the  land  with 
some  other  crop. 

Upon  making  an  inquiry  into  the  cause  of  the  trouble  it  was 
discovered  that,  in  nearly  every  case,  it  was  due,  principally,  to 
a  weakness  in  the  seed  which  we  will  call  spindling-sprout  disease. 
The  following  account  of  observations  on  an  affected  field  near 
Rrverhead  will  indicate  the  nature  of  the  disease  and  the  symptoms 
by  which  it  may  be  recognized:    The  seed  potatoes  used  in  this 
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field  belonged  to  the  variety  Greea  Mountain.  They  were  grown  oa 
Long  Island  in  the  season  of  1913  from  Maine  seed.  The  crop  of 
that  year  was  light  owing  to  the  unusually  hot,  dry  weather,  but, 
so  far  as  observed,  the  plants  showed  no  symptoms  of  spindling- 
sprout  or  other  disease.  During  the  winter  of  1913-14  the  potatoes 
were  stored  in  crates  in  an  unheated  cellar  where  they  appeared  to 
keep  well.  At  planting  time  in  the  spring  of  1914  they  were  sound 
and  plump  and  seemed  to  be  in  excellent  condition  except  that  they 
had  cfprouted  to  a  considerable  extent.  At  this  time  it  was  observed 
that  some  of  the  sprouts  appeared  weak,  but  little  attention  was 
given  to  the  matter.  During  the  handling  inddent  to  treatment 
with  formaldehyde  solution  for  scab  most  of  the  sprouts  were  de- 
stroyed. The  tubers  were  afterwards  cut  and  planted,  April  24, 
about  three  inches  deep  with  a  Robbins  potato  planter.  The  soil 
was  sandy  loam  thoroughly  fitted  and  moist.  Following  planting 
the  temperature  and  moisture  conditions  were  favorable  for  the 
sprouting  of  potatoes. 

Soon  after  the  plants  began  to  appear  above  ground  it  became 
evident  that  something  was  wrong.  When  some  plants  were  six  or 
seven  inches  high  others  were  just  breaking  through  the  soil  and 
there  were,  also,  a  good  many  blank  spaces.  It  looked  as  if  there 
would  be  a  poor  stand.  Upon  digging  up  the  small  plants  it  was 
found  that  they  had  very  slender  stems.  Some  seed  pieces,  though 
perfectly  sound,  had  not  started  any  sprouts.  Others  had  put 
out  sprouts  which  were  so  slender  as  to  be  scarcely  recognizable  as 
potato  sprouts  and  too  weak,  apparently,  to  push  their  way  through 
the  soil.  No  lesions  of  any  kind  were  found  on  the  sprouts  or  stems 
and  there  was  no  rotting  of  the  seed  pieces.  The  trouble  seemed 
to  be  due  to  some  weakness  of  the  seed. 

Fortunately,  several  bushels  of  the  uncut  seed  potatoes  had  been 
left  over  from  planting.  They  had  been  stored  in  the  cellar  in 
crates.  By  this  time  they  all  'bore  sprouts  from  one  to  two  inches 
in  length.  An  examination  of  these  tubers  threw  much  light  on  the 
problem.  While  about  two-thirds  of  the  tubers  bore  normally 
robust  sprouts  the  remainder  bore  exceedingly  slender  sprouts  like 
those  observed  in  the  field.  (See  Plate  XIV.)  The  contrast  in 
appearance  between  tubers  bearing  the  two  kinds  of  sprouts  was 
striking.  All  the  sprouts  on  a  tuber  were  stout  or  else  all  were  very 
slender.    Stout  and  slender  sprouts  did  not  occur  on  the  same  tuber 


Plati  XTV. —  Spinduno-Spbovt  Disbask  or  Potaio  Tdbebs. 
A,  Doniud;  B,  affected  with  apindling-aprout.    (Natural  uie.) 
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and  tubers  bearing  sprouts  intermediate  in  size  were  not  common. 
In  general,  the  sprouts  were  either  of  normal  size  or  else  very  slender. 
Small,  secondary  tubers  were  of  frequent  occurrence  on  the  slender 
grouts.  A  careful  examination  failed  to  reveal  any  difference, 
other  than  the  size  of  the  sprouts,  by  means  of  which  the  weak 
tubers  might  be  distinguished  from  the  normal  ones.  There  were 
no  lesions  of  any  kind  and  no  discoloration  either  internally  or 
externally.  Tubers  of  all  sizes  were  affected.  In  a  cooking  (boiling) 
test  the  two  kinds  of  tubers  appeared  equal  in  quality. 

These  observations  on  the  left-over  tubers  strengthened  the 
suspicion  that  the  trouble  in  the  field  was  due  to  a  weakness  of  the 
seed;  but  in  order  to  definitely  connect  the  spindlingnsprouted 
tubers  with  the  weak,  slendernstenuned  plants  observed  in  the  field, 
the  following  experiment  was  made:  Twenty-five  tubers  with  spind* 
ling  sprouts  and  sixteen  with  normal  sprouts  were  taken  to  Geneva 
and  planted  whole.  Contrary  to  expectations  every  tuber  pro- 
duced a  planf.  All  plants  from  the  spindling-sprouted  tubers  were 
smaQ,  weak  and  slender-stemmed  exactly  like  the  plants  observed 
in  the  field  at  Riverhead.  Although  in  rich  soil  and  given  good 
cultivation  and  care,  including  thorough  spraying  with  bordeaux 
mixture,  the  plants  remained  small  to  the  end  of  the  season.  They 
showed  no  wilting,  rolling,  curling  or  spotting  of  the  leaves,  no  lesions 
(HI  the  stems  or  other  pathological  s3rmptoms.  Neither  did  they 
die  prematm*ely.  They  were  simply  small.  The  tubers  produced 
were  small  but  otherwise  normal  in  appearance.  The  average 
yield  per  hill  was  only  8.6  ounces.  Under  similar  conditions  the 
normalHsprouted  tubers,  with  one  exception,  produced  strong,  large 
plants  which  gave  an  average  yield  of  21.5  ounces  per  hill. 

Returning,  now,  to  the  field  at  Riverhead:  By  the  middle  of 
June  it  was  evident  that  the  condition  of  the  field  was  considerably 
better  than  our  earlier  observations  had  indicated.  Estimates 
made  at  this  time  showed  about  95  per  ct.  of  a  full  stand  with  about 
20  per  ct.  of  the  plants  distinctly  smaller  than  normal. 

Similar  observations  were  made  in  other  fields.  In  one  case 
a  farmer  called  the  writers'  attention  to  the  condition  of  his  seed 
potatoes  shortly  before  planting  time.  The  potatoes  were  home- 
grown and  of  the  variety  Norcross.  Being  stored  in  a  warm  cellar 
they  had  comm^xced  to  sprout.  Many  were  producing  spindling 
sprouts.    This  caused  the  owner  to  suspect  that  the  tubers  were 
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weak  and  unfit  for  seed,  but  out  of  curiosity  to  see  what  they  would 
do  he  planted  a  few  bushels.  The  writers,  also,  planted  about 
a  bushel.  Although  a  fair  stand  was  obtained,  over  fifty  per  ct. 
of  the  plants  in  both  cases  were  plainly  below  the  normal  in  size, 
many  being  so  small  and  weak  that  they  were  unable  to  produce 
aoy  tubers  of  marketable  size. 

In  previous  years  the  writers  have  occasionally  seen  potato  tubers 
which  produced  abnormally  slender  sprouts  and  more  frequently 
heard  of  such  cases.  Also,  they  have  observed  on  Long  Island 
during  the  past  twenty  years  a  great  many  potato  fields  containing 
many  small  plants,  the  weak  condition  of  which  could  not  be 
accounted  for  satisfactorily;  but  it  had  never  occurred  to  them  that 
there  was  any  relation  between  these  two  phenomena.  However,  an 
examination  of  the  literature  reveals  the  fact  that  this  idea  is  not 
a  new  one. 

SPINDLING-SPROUT,  FILOSITfi  AND  FADENBILDUNG. 

Close  and  White^  have  described  and  illustrated  spindling-sprout, 
pointed  out  its  relation  to  weak  plants  in  the  field  and  shown  that  it 
is  a  factor  in  the  low  yields  obtained  from  southern-grown  seed. 
The  spindling-sprout  has  been  mentioned,  also,  by  other  American 
writers,  but  it  has  not  received  much  attention. 

It  seems  to  have  been  spindling-sprout  which  Orton'  had  in  mind 
when  he  wrote  the  following:  "  Premature  ripening  follows  when 
potatoes  bearing  half-grown  tubers  are  exposed  to  the  midday  heat 
of  our  Southern  States.  There  is  in  addition  to  tipbum  a  yellowing 
and  early  death  of  the  foliage.  Potatoes  produced  in  these  southern 
conditions  lose  their  constitutional  vigor  and  germinate  later,  with 
small  weak  sprouts  and  give  a  smaller  yield  than  seed  from  northern 
sources.  This  constitutional  defect  is  not  cured  by  restoration  to 
a  northern  environment." 

At  the  annual  meeting  of  the  New  York  Potato  Association  held 
in  Ithaca  last  February,  Prof.  W.  T.  Macoun  of  Ottawa,  Canada, 
stated  positively  that  he  has  observed  spindling-sprout  at  Ottawa 
among  potatoes  grown  on  light,  sandy  soil  in  the  very  dry  season 
of  1905. 

<  Close,  C.  P.,  and  White,  T.  H.  Irish  potato  iiiv«Btigatioiifl.  Md.  Sta.  Bui.  132. 
1909. 

*  Orton,  W.  A.  Environmental  influences  in  the  pathology  of  Solantan  tuberantm, 
Jawm.  Wash.  Acad,  8ei.  3: 184.    1013. 
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Tlie  writers  have  seen  cme  quite  bad  case  of  ^indlingHsprout 
among  potatoes  which  were  said  to  have  been  grown  in  Maine  and 
potato  growers  have  reported  its  occasional  occurrence  at  several 
different  points  in  New  York.  Hence  it  appears  that  spindling- 
q)rout  is  not  strictly  confined  to  southern  latitudes. 

The  cause  of  spindling-sprout  is  not  definitely  known;  though 
hot,  dry  weather  is  suspected  of  being,  in  some  way,  responsible 
for  it.  On  Long  Island  the  summer  of  1913  was  an  exceedingly 
hot  and  dry  one. 

In  Europe  there  is  a  potato  disease  which  is  called  by  the  French 
"  filosit^  '*  and  by  the  Germans  '*  Fadenbildimg  "  and  ''  Faden- 
krankheit."  Some  of  its  symptoms  (spindling,  thread-like  sprouts) 
are  very  much  like  those  which  characterize  ^indlingnsprout.^ 
Although  it  remains  yet  to  be  determined  whether  this  disease  is  the 
same  as  spindlingHsprout  it  is  interesting  to  compare  the  opinions 
of  plant  pathologists  concerning  its  cause. 

Appel^  states  that  in  the  spring  of  1912  potatoes  in  parts  of  Ger- 
many came  up  poorly  with  numerous  weak  shoots.  He  uses  no 
name  for  the  disease,  but  his  description  and  illustration  are  very 
suggestive  of  spindling-sprout.  He  attributes  this  condition  to  the 
abnormally  dry  weather  in  the  summer  of  1911  which  caused  potatoes 
to  ripen  prematurely  and  sprout  prematurely,  thereby  making 
it  necessary  to  remove  the  sprouts  several  times  previous  to  planting. 
This  so  weakened  the  tubers  that  they  were  unable  to  product 
strong  sprouts  at  planting  time. 

Certainly,  the  trouble  on  Long  Island  can  not  be  satisfactorily 
explained  in  this  way,  because  sprouts  had  been  removed  from 
the  tubers  but  once  previous  to  planting.  Moreover,  according  to 
Appleman,*  "  Removing  the  sprouts  repeatedly  does  not  seem  to 
weaken  the  buds  for  seed;  the  eighth  crop  of  sprouts  from  the  same 
buds  was  just  as  vigorous  as  the  first." 

*  The  potato  trouble  illustrated  by  C.  L.  Fitch  in  one  of  his  publications  (Identi- 
fication of  potato  varietieB.  Iowa  State  College  of  Agriculture  and  Mechanic  Arts. 
Extension  Bui.  20  : 5,  fig.  1.  1914)  is  not  filosiie  as  we  understand  it,  but  rather  one 
form  of  what  the  Germans  call  "  Durchwachsoi."  (See  Sorauer.  Handbuch  der 
Pflanienkrankbeiten,  Dritte  Aufl.,  1 :  162.    1909.) 

•  ■ 

'  Appel,  [O].  Uber  Eartoffelkrankheiten.  Vortrag  gehalten  im  Elub  bayenscher 
Landwirte  xu  Mtknchen.  Separatabdruck  aus  dem  Bericht  der  General-Versammlung 
vom  13,  14  und  15  Januar  1913,  p.  2. 

*App]eman,  C.  O.  Changes  in  Irish  potatoes  during  storage.  Md.  Sta.  Bui. 
167:333.    1912. 
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According  to  Sorauer'  Fadenbildung  occurs  abundantly  only  where 
light  soil  which  heats  easily  has  to  undergo  Ipng  periods  of  dry 
weather.  This  describes,  exactly,  the  conditions  on  eastern  Long 
Island  in  1913.  Sorauer's  theory  of  the  origin  of  Fadenbildung 
is  as  follows:  "  When  the  tubers,  in  inunature  condition,  through 
forced  ripening  suffer  a  cessation  of  growth  and  are  then  harvested, 
the  eyes  have  not  yet  attained  their  normal  development.  The 
shoots  from  these  must,  naturally,  be  weak.  If  such  tubers  are 
used  for  seed  the  following  year  under  like  culture  these  ssonptoms 
of  weakness  must  gradually  increase  and  lead  to  the  result  that, 
finally,  only  stems  of  the  fineness  of  a  thread  are  produced.  Accord- 
ingly, the  disease  is  the  consequence  of  a  continued  cultural  error, 
namely,  an  inadmissible  shortening  of  the  v^etative  period." 

The  writers  consider  this  theory  untenable.  It  does  not  accord 
with  known  facts  in  regard  to  the  behavior  of  immature  seed  potatoes. 
Some  other  factor  besides  the  shortening  of  the  vegetative  period 
must  enter  into  it.  Immature  tubers,  grown  in  cool  weather,  are 
considered  by  some  to  be  as  good  if  not  better  than  mature  tubers  for 
seed  purposes. 

Delacroix^  regards  jHosiie  as  a  condition  of  degeneracy  resulting 
from  continued  asexual  propagation  under  unfavorable  conditions. 
Excessive  drought  he  considers  a  secondary  factor. 

Parisot,*  on  the  other  hand,  advances  an  entirely  different  theory. 
He  claims  to  have  proven  by  means  of  experiments  (the  details  of 
which  are  not  given)  that  filosile  proceeds  from  the  intoxication  of 
the  tubers  by  the  carbon  dioxid  gas  resulting  from  their  own  res- 
piration. After  explaining  how,  in  piles  of  potatoes,  the  quantity 
of  carbon  dioxid  increases  rapidly  as  the  distance  below  the  surface 
increases,  he  says:  "  It  is  easy  to  explain  how  it  occurs  that  filosit^ 
is  so  common  in  the  bottom  of  large  piles,  and  the  means  of  avoiding 
it." 

It  is  well  known  that  potato  tubers  are  constantly  taking  up 
oxygen  and  giving  off  carbon  dioxid;  also,  that,  in  the  storage  of 
seed  potatoes,  some  provision  should  be  made  for  ventilation;  but 
the  idea  that  lack  of  ventilation  is  a  cause  of  spindlingHsprout,  we 

'  Sorauer.  P.    Handbuch  der  Pflanxenkraakheiten.    Dritte  Aufl.  1 :  159-161 .    1909. 

'  Delacroix,  O.  Sur  la  **  filodt^  "  dee  pommes  de  terre.  Extrait  du  Jour.  Agr. 
[Paris].    Dec.  1903. 

*  Parisot,  F.  La  filodU  de  la  pomme  de  terre.  Bui.  Mens.  Off.  Rraaeig.  Act. 
[Paris].  9:21-24.    1910. 
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cannot  accept  without  more  evidence.  We  have  observed  nothing 
which  indicates  that  the  deep  piling  of  potatoes  in  storage  has  such 
anefifect. 

EXPERIMENTS  WITH  TUBERS  IN  HERMETICALLY 

SEALED  JABS. 

Along  this  line  we  have  made  several  experiments  with  tubers  in 
hermetically  sealed  jars.  Large  glass  jars  were  filled  with  clean, 
dry  tubers  on  which  the  q[>routs  were  barely,  if  at  all,  started.  The 
jars  were  then  hermetically  sealed  with  paraffin  or  sealing  wax 
and  placed  in  a  darkened  nxxn  at  a  temperature  of  16^  to  21^  C. 
(60^  to  70^  F.).  So  long  as  they  remained  in  the  air-tight  jars  the 
tubers  invariably  refused  to  sprout  while  check  tubers  in  unsealed 
jars  sprouted  freely.  If  removed  within  about  ten  days  they  after- 
wards sprouted,  but  a  longer  exposure  in  the  jars  resulted  in  the. 
death  and  decay  of  the  tubers.  Whenever  the  tubers  q[)routed 
at  all  the  sprouts  were  of  normal  size  —  there  was  no  tendency 
toward  the  spindling-sprout  condition.  In  one  case  tubers  which 
had  been  in  a  sealed  jar  for  nine  days  remained  dormant  for  about 
ten  days  after  removal  and  were  thought  to  be  incapable  of  sprouting, 
but  sprouts  of  normal  size  finally  appeared.  Eleven  of  the  tubers 
were  planted  whole.  The  plants  were  of  normal  size  and  appearance 
and  gave  a  3rield  of  twelve  pounds  which  is  a  good  crop  considering 
the  character  of  the  soil  in  which  the  plants  were  grown. 

Although  it  appear&f  improbable  that  the  widespread  trouble  with 
home-grown  seed  potatoes  on  Long  Island  in  the  spring  of  1914 
was  due  to  faulty  methods  of  storage,  this  phase  of  the  subject 
requires  further  investigation. 

OTHER  DISEASES  WITH  SIMILAR  SYMPTOMS. 

It  is  quite  possible  that  spindling,  thread-like  sprouts  are  not 
always  due  to  the  same  cause;  that  is  to  say,  there  may  be  two  or 
more  distinct  diseases  having  the  spindling-sprout  symptom  in 
ccHnmon.  The  existence  of  such  widely  different  theories  as  to  the 
origin  oijUosUe  and  Fadenbildung  suggests  this,  as  do,  also,  the  follow- 
ing obsCTvations  of  our  own:  Early  in  the  spring  of  1914  a  farmer 
in  Greene  County  sent  us  a  quantity  of  tubers  some  of  which  were 
affected  with  one  of  the  stem-end-browning  diseases.  There  was 
a  distinct  browning  in  the  vascular  region  at  the  stem  end  of  the 
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tuber.  Diligent  search  by  cultural  and  microscopical  methods 
failed  to  discover  any  organism  and  the  cause  of  the  discoloration 
was  not  determined.  The  point  of  present  interest  is  that  after 
the  tubers  conunenced  to  sprout  the  diseased  ones  could  be  readily 
distinguished  frcnn  the  healthy  ones  by  the  difference  in  the  size 
of  their  sprouts.  The  diseased  tubers,  though  of  fair  size  and  normal 
appearance  externally,  produced  very  slender  sprouts.  While  not 
so  small  as  the  sprouts  on  Long  Island  tubers  affected  with  spindling- 
sprout,  they  were  plainly  sub-normal.  Twenty-five  affected  tubers 
were  planted.  The  resultant  plants  had  slender  stalks  and  never 
attained  normal  size,  but  were  entirely  normal  in  other  respects. 
The  yield  of  tubers  was  small,  but  non3  of  them  showed  any  indication 
of  stem-end  browning.  This  disease  is  certainly  different  from  the 
true  ^indling-sprout  disease,  yet  affected  tubers  show  a  sprout  con- 
dition which  is  similar  to  that  which  characterizes  spindling-sprout.^® 
That  the  production  of  spindling  sprouts  may  be  one  of  the 
c^miptoms  of  yet  another  disease  is  shown  by  the  following 
observations:  In  1913  the  senior  author  grew  in  his  garden  at 
Geneva  a  short  row  of  potatoes  of  the  variety  Ionia.  The  plants 
were  not  watched  for  signs  of  disease,  but  it  is  known  that  they 
grew  to  large  size  and  were  still  partly  green  when  frost  came 
about  the  middle  of  September.  After  digging,  the  tubers  were 
stored  in  a  cool  cellar  until  planting  time  the  following  Sfpring. 
On  May  26,  1914,  some  of  the  tubers  were  used  for  planting  about 
one  hundred  hiUs.  By  the  time  the  larger  plants  were  a  foot  high 
a  marked  unevenness  in  the  size  of  the  plants  was  noticeable  and 
this  became  more  conspicuous  as  the  season  advanced.  About 
thirty  of  the  plants  were  pronounced  dwarfs  with  the  leaves  curled 
downward  and  the  bushy  appearance  characteristic  of  the  curly- 
dwarf  disease.  These  plants  died  prematurely.  The  tubers  which 
they  bore  were  small,  longer  than  normal  and  somewhat  pointed 
at  both  ends,  but  not  affected  with  stem-end  browning.  About 
thirty  other  plants  grew  thriftily,  became  large  and  yielded  well. 

10  The  "  spindle  disease  {Penola  UmefUasum)  "  briefly  discussed  and  illustrated  in 
Jour.  DepL  Agr-  West,  Awt,  17  (1906),  No.  5,  p.  867,  pi.  1,  was  probably  of  a  similar 
nature.  This  idea  is  suggested  by  the  statement  that  the  diseased  condition  ^  the 
tubers  might  be  detected  by  cutting  them  at  the  **  tail  end."  The  use  of  PerMola 
tomentomm  as  if  it  were  the  name  c2  the  causal  organism  M>pears  to  be  an  attempt 
at  a  joke,  though  it  may  have  been  intended  for  Periola  tomerUoaa  Fr.,  a  fungus  which 
occurs  on  potato  tubers.  No  organism  bearing  the  name  Persola  tomentonim  is  known 
to  the  vpiteFB. 


—  SptNDUHo  Sprouts  on  Tubers  prom  Curly-Dwarp  Planib;  Vabibtt,  Ionu. 
Compttre  with  Plate  XVI.  (Nat'irsl  siieO 


-  Normal  SpftounNO  of  Iohia  Potato  Tubbbb. 
(Natunl  riw.} 
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The  remaining  forty  plants  were  intermediate  in  character. 
Judging  from  their  size  and  the  downward  curling  of  their  leaves 
they  were  all  more  or  less  diseased,  yet  they  yielded  fairly  well. 
At  dicing  time  a  few  of  the  best  and  a  few  of  the  poorest  hills 
were  set  aside  for  experiments  in  1915.  The  remainder  were 
thrown  into  a  box  and  stored  in  a  furnace-heated  cellar.  By  the 
middle  of  March,  1915,  the  tubers  in  the  box  bore  sprouts  one  to 
three  inches  in  length.  Some  were  normally  robust,  some  moderately 
slender  and  many  others  extremely  slender  —  lypical  spindling 
sprouts.  (See  plates  XV  and  XVI.)  Occasionally,  large  tubers 
showed  roburt  sprouts  at  the  bud  end  and  slender  sprouts  growing 
from  eyes  near  the  stem  end. 

IS  SPINDLING-SPROUT  AN  HEREDITARY  DISEASE? 

OrtonV^  statement  that  "  this  constitutional  defect  [spindling- 
sprout?]  is  not  cured  by  restoration  to  a  northern  environment/' 
suggests  that  spindling-sprout  is  an  hereditary  disease.  Long  Island 
potato  growers  who  have  planted  the  progeny  of  spindling-sprout 
tubers  inform  us  that  the  results  are  always  unsatisfactory.  They 
say  that  the  trouble  seems  to  increase  from  year  to  year.  Definite 
information  based  on  actual  experiments  seems  to  be  lacking. 

However,  EmersonV  experiments  in  Nebraska  show  that  by 
growing  seed  potatoes  under  a  mulch  of  straw  it  is  possible  not 
only  to  prevent  the  deterioration  which  occurs  in  a  hot,  dry  climate 
under  ordinary  methods  of  culture,  but  actually  to  bring  back  to 
productiveness  a  stock  which  has  become  badly  run  down  through 
cultivation.  Whether  spindling  sprout  was  involved  in  these 
eicperiments  is  not  known.  No  mention  is  made  of  the  symptoms 
presented  by  the  run-down  potatoes.*' 

"  Orton,  W.  A.  Loc.  cU, 

^  Emerson,  R.  A.  Home  mulched  vs.  northern  seed  potatoes  for  eastern  Nebraska. 
Nebr.  Sta.  Bui.  146.    1914. 

^  Replying  to  our  inquiry  on  this  point  Prof.  Emerson  writes  as  follows:  "  I  made  no 
careful  comparative  observations  on  the  sprouts  of  mulched  and  of  cultivated  tubers, 
nor  did  I  compare  directly  the  diameters  of  the  plants  as  they  stood  in  the  field. 
I  did,  however,  make  a  general  observation  that  the  cultivated  tubers  produced 
^maket  plants  than  mulched  tubers.  My  general  impression  of  the  differences  between 
the  plants  ci  the  two  lots  is  not  that  the  stems  of  one  were  decidedly  more  spindling 
than  those  of  the  other.  The  plants  of  the  one  lot  were  merely  somewhat  smaller, 
*im1  if  there  was  a  difference  in  diameter  of  stems  relative  to  height  of  the  plant,  it 
was  not  sufficient  to  impress  me.  The  differences  which  I  have  noted  were  usually 
°)ore  pronounced  early  in  the  season  thsA  when  the  plants  had  nearly  completed 
**ttir  growth." 
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The  fonowing  eacpeiiment  made  by  the  writers  shows  that  the 
progeny  of  tubers  affected  with  spindlingHsprout  do  not  mvariably 
produce  spindling  sprouts:  Eight  Genevargrown  tubers,  four  of 
which  were  the  progeny  of  typical  spindling-sprout  tubers  and  the 
other  four  the  prc^eny  of  normal-sprouted  tubers,  were  induced  to 
sprout  in  February  by  putting  them  in  a  dark  place  under  a  bench 
in  a  greenhouse.  All  of  the  tubers  but  one  produced  normally 
robust  sprouts.  The  exception  was  a  tuber  of  spindling-sprout 
parentage.  The  sprouts  on  this  were  abnormally  slender  thou^ 
not  as  slender  as  those  on  the  parent  tuber. 

MEANS  OF  AVOIDING  TROUBLE  WITH  SPINDLING- 
SPROUT. 

Since  spindling-sprout  occurs  chiefly  in  southern-grown  seed  one 
way  of  avoiding  it  is  to  use  only  northern-grown  seed.  Another 
way  is  to  make  a  sprouting  test.  Long  Island  farmers  who  con- 
template using  home-grown  seed  should  always  make  a  sprouting 
test  before  planting.  This  is  especially  important  after  a  very 
dry  season.  From  four  to  eight  weeks  before  planting  time  a  small 
quantity  of  the  potatoes  should  be  put  in  a  warm,  dark  place  to  sprout. 
If  all  of  the  tubers  produce  strong  sprouts  it  is  safe  to  assume  that 
the  seed  is  suitable  for  planting;  but  if  some  of  the  tubers  produce 
spindling-sprouts,  the  seed  is  not  fit  to  plant.  It  seems  as  if  this 
should  be  a  simple  method  of  avoiding  trouble  with  spindling-sprout 


POTATO-SPRAYING  EXPERIMENTS  AT  RUSH 

IN  1914.* 

p.  C.  STEWART. 

SUMMARY. 

The  potato-^spmying  experiments  conducted  at  Rush,  N.  7.|  in 
1913  and  reported  in  Bulletin  379  were  repeated  in  19x4  on  a  some- 
iriiat  larger  scale.  In  each  of  82  fields  a  portion  of  one  row  (one- 
fiftieth  acre)  was  very  flioroughly  sprayed  by  hand  every  two  weeks. 
At  digging  time  the  yield  of  this  row  was  compared  with  Ihat  of  an 
adjacent  row  which  had  not  received  the  special  spraying.  In  56 
of  the  fields  no  spraying  was  done  by  flie  owner.  In  fliese  fields 
the  test  was  a  comparison  between  very  thorough  spraying  and  no 
qicaying.  In  the  ottier  26  fields  more  or  less  spraying  was  done  by 
file  owner.  In  fitese,  the  test  was  a  comparison  between  very  fiior- 
ougli  (graying  and  fiie  kind  of  spraying  done  by  fiie  owner. 

In  the  56  unsprayed  fields  flie  spraying  done  by  the  Station  in- 
creased tiie  average  yield  by  15.82  bushels  per  acre,  or  8  per  ct.; 
and  in  tiie  26  sprayed  fields  by  13.75  bushels  per  acre,  or  5.5  per  ct 

Owing  to  favorable  weather,  potato  foliage  was  remarkably  free 
from  diseases  and  injuries  of  all  kinds  so  that  large  returns  from 
graying  were  not  to  be  expected.  However,  tiie  absence  of  killing 
frost  until  late  in  October  lengthened  the  usual  period  of  growth 
and  gave  the  bordeaux  a  good  opportunity  to  exert  its  stimulative 
influence.  Under  tiiese  conditions,  it  seems  as  if  tiie  gain  from 
graying  should  have  been  larger. 

A  REPETITION  OF  THE  EXPERIMENTS  MADE  IN  1913. 

These  experiments  were  conducted  in  the  same  manner  as  those 
made  at  Rush  in  1913  and  reported  in  Bulletin  379.  In  each  of 
eighty-two  potato  fields  a  single  row  290.4  feet  long  was  sprayed 
with  bordeaux  mixture  at  intervals  of  two  weeks  throughout  the 
season.  In  some  cases  seven  applications  were  made  and  in  others 
only  six.  The  spraying  was  done  very  thoroughly  by  means  of  a 
knBpBSLck  sprayer.  In  fifty-six  of  the  fields  the  owner  used  no  bor- 
deaux, but  applied  only  such  treatment  as  he  considered  necessary 
for  the  control  of  **  bug?."  In  the  remaining  twentynsix  fields  more 
or  less  bordeaux  was  applied  by  the  owner,  the  number  of  applica- 
tions vaiying  from  one  to  seven. 

*  A  nixiiit  of  Bulletin  No.  406,  May,  1915. 
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At  digging  time  the  row  sprayed  by  the  Station  and  an  adjacent 
row  of  equal  length  were  dug  by  hand  and  the  product  sorted  and 
weighed.  All  of  the  spra3ring  and  weighing  and  most  of  the  digging 
were  done  by  Mr.  E.  B.  Keyes  of  Rush,  a  brother  of  the  young  man 
who  conducted  the  experiments  in  1913. 

During  July  and  August  the  rainfall  was  somewhat  scant,  but  in 
September  it  was  sufficient  for  the  needs  of  the  crop.  There  was 
no  late  blight  {Phytopkthora  infestans),  no  rot,  no  early  blight  {AUer- 
naria  solani),  but  little  tipbum  and  no  serious  damage  by  flea 
beetles.  Throughout  the  season  the  foliage  was  remarkably  free 
from  blemishes  of  all  kinds.  As  there  was  no  killing  frost  until  late 
in  October  the  plants  had  ample  time  to  complete  their  growth. 
In  most  respects  the  season  was  an  exceptionally  favorable  one  for 
potatoes. 

Table  I  shows  the  yields  in  the  fifty-six  experiments  which  were 
in  unsprayed  fields,  while  Table  II  shows  the  results  of  the  twenty- 
six  experiments  in  sprayed  fields. 

Table  I. —  Results  of  Thobouoh  Spratinq  of  Single  Rows  in  Fifty-bix 

Unspratbd  Potato  Fields. 


Sprayed  by  ' 

niE 

Unspratsd. 

Station. 

Yield 

In- 

Number 

YIELD  PER  BOW. 

Yield 

S  t^ 

yield  per  bow. 

per  acre; 

crease 

of  experi- 

per acre; 

market- 

per acre 

ment. 

Market- 

market- 

E S 

Market- 

able 

due  to 

able 

Culls. 

able 

^e* 

able 

Culls. 

tubers. 

spray- 

tnbers.* 

tubers. 

tubers. 

ing. 

Lbs. 

Lbs. 

Bu. 

Lbs. 

Lbs. 

Bu. 

Bu. 

1 

178 

0 

148.3 

7 

295 

0 

245.8 

97.5 

2 

239.5 

0 

199.5 

6 

318 

0 

265 

65.5 

3 

244 

0 

203.3 

6 

311 

0 

259.1 

55.8 

4 

169 

0 

140.8 

7 

233 

0 

194.1 

53.3 

6 

159 

7 

132.5 

7 

211 

6 

175.8 

43.3 

6 

273 

0 

227.5 

6 

321 

0 

267.5 

40 

7 

222.5 

7.5 

185.4 

6 

269 

8.5 

224.1 

38.7 

8 

183 

4 

152.5 

6 

229 

3 

190.8 

38.3 

9 

286.5 

0 

238.7 

7 

330 

0 

275 

36.3 

10 

278 

0 

231.6 

7 

317 

0 

264.1 

32.5 

11 

316.5 

0 

263.7 

6 

355 

0 

295.8 

32.1 

12 

281 

0 

234.1 

6 

319.  ^ 

0 

266.2 

32.1 

13 

190 

9 

158.3 

6 

227 

8 

189.1 

30.8 

14 

300 

0 

250 

6 

334 

0 

278.3 

28.3 

16 

231 

0 

192.5 

7 

263 

0 

219.1 

26.6 

16 

267 

0 

222.5 

6 

298 

0 

248.3 

25.8 

*  A  row  290.4  x  3  ft.=  one-fiftieth  acre.  In  some  fields  the  rows  were  loss  than 
three  feet  apart.  Nevertheless,  in  the  computation  9f  the  acre  yields  given  in  Tables 
I  and  II  the  area  of  a  row  is  assumed  to  be  one-fiftieth  acre  in  all  cases. 
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Table  I  (earUinuei), 

1 

Spbated  bt  thb 

Unspratsd. 

Station. 

Yidd 

In- 

crease 

Number 
of  expert- 

TISLD  PER  BOW. 

Yield 

Times 
sprayed. 

YIELD  PER  ROW. 

per  acre; 
market- 

per aere 
due  to 

per  mSTVf 

~ 

iDent. 

Market- 

market- 

Market- 

able 

spray- 

able 

Culls. 

able 

able 

Culls. 

tubers. 

ing. 

tubers.* 

tubers. 

tubers. 

Lbs. 

Lbs. 

Bu. 

Lba, 

Lbs. 

Bu. 

Bu. 

17 

180 

0 

150 

6 

211 

0 

175.8 

25.8 

18 

240 

0 

200 

6 

270 

0 

225 

25 

19 

295 

0 

245.8 

6 

325 

0 

270.8 

25 

20 

204 

8 

170 

6 

232 

9 

193.3 

23.3 

21 

175 

0 

145.8 

7 

200 

0 

166.6 

20.8 

22 

200 

0 

166.6 

7 

224 

0 

186.6 

20 

23 

172 

0 

143.3 

6 

195 

0 

162.5 

19.2 

24 

272 

0 

226.6 

6 

294 

0 

245 

18.4 

25 

280 

0 

233.3 

6 

302 

0 

251.6 

18.3 

26 

264.5 

0 

220.4 

7 

284 

0 

236.6 

16.2 

27 

286 

0 

238.3 

7 

303 

0 

252.5 

14.2 

28 

287 

0 

239.1 

6 

304 

0 

253.3 

14.2 

29 

245 

0 

204.1 

6 

261 

0 

217.5 

13.4 

30 

238 

6 

198.3 

6 

254 

6 

211.6 

13.3 

31 

319 

0 

265.8 

7 

333 

0 

277.5 

11.7 

32 

131.5 

0 

109.5 

5 

145.5 

0 

121.2 

11.7 

33 

171 

0 

142.5 

6 

185 

0 

154.2 

11.7 

34 

145 

0 

120.8 

6 

150 

0 

132.5 

11.7 

35 

223 

5 

185.8 

7 

233 

3 

194.1 

8.3 

36 

177 

0 

147.5 

6 

186 

0 

155 

7.5 

37 

300 

0 

250 

6 

309 

0 

257.5 

7.5 

38 

314 

0 

261.6 

6 

323 

0 

269.1 

7.5 

39 

254 

0 

211.6 

6 

262.5 

0 

218.7 

7.1 

40 

115 

0 

95.8 

5 

123 

0 

102.5 

6.7 

41 

92 

0 

76.6 

7 

100 

0 

83.3 

6.7 

42 

227 

0 

189.1 

6 

234 

0 

195 

5.9 

43 

291 

0 

242.5 

6 

298 

0 

248.3 

5.8 

44 

247 

0 

205.8 

7 

254 

0 

211.6 

5.8 

45 

198 

5 

165 

6 

199.5 

7 

166.2 

1.2 

46 

241 

0 

200.8 

6 

242 

0 

201.6 

0.8 

47 

355 

0 

295.8 

6 

355 

0 

295.8 

0 

48 

271 

0 

225.8 

6 

263.5 

0 

219.5 

t-«.3 

49 

214 

0 

178.3 

6 

205 

0 

170.8 

—7.5 

50 

279.5 

5.5 

232.9 

6 

260 

5 

224.1 

—8.8 

51 

215 

0 

179.1 

6 

195 

0 

162.5 

—16.6 

52 

220 

0 

183.3 

6 

199 

0 

165.8 

—17.5 

53 

191.5 

0 

159.6 

6 

165 

0 

137.5 

—22.1 

54 

385 

0 

320.8 

6 

350 

0 

291.6 

—29.2 

55 

255 

5 

212.5 

7 

217 

4 

180.8 

—31.7 

56 

341.5 

0 

284.5 

7 

298.5 

0 

248.7 

—35.8 

Average  yield  of  unsprayed  rows,  198.32  bu.  per  acre. 

Average  yield  of  the  rows  sprayed  by  the  Staiion,  214.14  bu.  per  acre. 

Average  increase  in  yield  per  acre,  15.82  bu.  or  8  per  d. 


*See  note  on  p.  314. 

t  A  minus  sign  indicates  reduced  yield. 
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Tabub  n. 

, —  RaBSTTUTB    0» 

Thobouoh  Spbatino  or  SmouB  Rows  in  Twbmtt-siz 

Abated  Potato  Fibldb. 

Spbatsd  Onlt  bt 

OWNEB. 

Spbated  Aiao  bt 

Station. 

In- 

YIELD  PKB  BOW.  1 

"8  J 

TIELD  FEB  BOW. 

vTcHae 
per  acre 

Number 
of  experi- 

• 

Yield 
per  acre; 

>>y 

Yield 
per  acre; 

due  to 
extra 

11 

messpra 
y  Static 

mentB 

Ifi 

Market- 

market- 

Market- 

market- 

spray- 

^& 

able 

Culls. 

able 

able 

Onllfl. 

able 

ing  by 

tubers. 

tubers. 

S^ 

tubers. 

tubers. 

Station. 

L6e. 

L6e. 

Bu. 

Lbe. 

Lb». 

Bu, 

Bu. 

67 

5 

153 

3 

127.5 

7 

229 

3 

190.8 

63.3 

58 

4 

254 

4 

211.6 

6 

327 

8 

272.5 

60.9 

59 

1 

245 

4 

204.1 

7 

297 

5 

247.5 

43.4 

60 

1 

327 

0 

272.5 

6 

374 

0 

311.6 

39.1 

61 

2 

315.5 

0 

262.9 

6 

350 

0 

299.1 

36.2 

62 

5 

197 

0 

164.1 

6 

239 

0 

199.1 

35 

63 

5 

300 

0 

250 

6 

329 

0 

274.1 

24.1 

64 

5 

333 

0 

277.5 

6 

360 

0 

300 

22.5 

65 

4 

214 

0 

178.3 

6 

240 

0 

200 

21.7 

66 

5 

231.5 

0 

192.9 

7 

255 

0 

212.5 

19.6 

67 

6 

266 

14 

221.6 

6 

289 

11 

240.8 

19.2 

68 

1 

341 

0 

284.1 

7 

363 

0 

302.5 

18.4 

69 

2 

231 

0 

192.5 

6 

249 

0 

207.5 

15 

70 

1 

248 

0 

206.6 

7 

261.5 

0 

217.9 

11.3 

71 

4 

325 

0 

270.8 

6 

335 

0 

279.1 

8.3 

72 

4 

317 

0 

264.1 

6 

326 

0 

271.6 

7.5 

73 

3 

265 

0 

220.8 

7 

272 

0 

226.6 

5.8 

74 

6 

227 

5 

189.1 

7 

231 

4 

192.5 

3.4 

75 

6 

315 

0 

262.5 

7 

318 

0 

265 

2.5 

76 

2 

266 

0 

221.6 

5 

266 

0 

221.6 

0 

77 

2 

289 

0 

240.8 

7 

287 

0 

239.1 

—1.7 

78 

7 

338 

0 

281.6 

7 

334 

0 

278.3 

—3.3 

79 

4 

306 

6.5 

255 

6 

292 

5.5 

243.3 

—11.7 

80 

2 

295 

0 

245.8 

7 

275 

0 

229.1 

—16.7 

81 

4 

351 

0 

292.5 

6 

324 

0 

270 

—22.5 

82 

2 

235 

0 

195.8 

7 

182.5 

0 

152.1 

—43.7 

Average  yield  of  rows  sprayed  ordy  by  owner ,  230.25  bu.  per  acre. 
Average  yield  of  rows  sprayed  also  by  the  Station^  244  bu.  per  acre. 
Average  increase  in  yield  per  acre,  13.75  bu.  or  5.5  per  d. 


COMMENTS  ON  THE  RESULTS. 

The  results  are  difficult  to  interpret.  They  are  extraordinary. 
The  increase  in  yield  was  smaller  than  it  was  in  1913  when  the  con- 
ditions were,  apparently,  much  less  favorable.  Of  course,  spraying 
can  not  be  expected  to  produce  a  large  increase  in  yield  in  a  season 
in  which  potato  foliage  is  so  free  from  diseases  of  all  kinds  as  it  was 
at  Rush  in  1914.    But  the  writer's  previous  experience  has  led  him 
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to  believe  that  with  such  thorough  8pra3ring  a  considerable  increase 
m  yield  is  to  be  expected  under  any  and  all  conditions  provided 
the  season  is  long  enough  for  the  plants  to  complete  their  growth. 
In  the  absence  of  disease  it  is  the  stimulation  of  the  bordeaux 
which  brings  about  the  increase  in  yield  by  prolonging  the  life 
of  tiie  plants.  Hence,  the  beneficial  influence  of  bordeaux  is  likely 
to  be  most  marked  in  a  long  growing  season. 

In  several  of  the  experiments  the  unsprayed  row  outyielded  the 
sprayed  row.  The  same  thing  happened  in  1913  and  the  explana- 
tion of  it  was  discussed  at  some  length  in  Bulletin  379.  At  present 
it  is  sufficient  to  say  that  this  is  to  be  ascribed  to  original  inequality 
between  the  two  test  rows  rather  than  to  any  injurious  action  of 
the  bordeaux.  It  shows  how  great  is  the  chance  of  error  in  experi- 
ments of  this  kind. 

The  results  of  the  experiments  at  Rush  during  the  past  two  years 
can  not  be  expected  to  encourage  the  practise  of  spraying  potatoes. 
Proof  that  spraying  is  profitable  must  be  sought  in  the  results  of 
other  experiments  of  which  there  is  an  abundance.*  As  has  often 
been  said,  spraying  is  a  form  of  insurance.  Although  unprofitable 
in  certain  years  it  is  highly  profitable  on  the  average. 

*See  BiiUetin  349  of  this  Station. 


ASCOCHYTA    CLEMATIDINA,    THE    CAUSE    OF 
STEM.ROT  AND  LE AF-SPOT  OF  CLEMATIS.*  f 

W.  O.  GLOYER. 

SUMMARY. 

(i)  The  stem-rot  and  leafnspot  of  clematis  are  caused  by  tiie 
fungus  Ascochyta  clematidina  (Thiimen). 

(2)  The  plants  are  killed  by  the  growth  of  the  fungus  down  the 
petiole  into  the  stems,  thus  girdling  the  plant  at  the  node.  The 
stem  may  be  girdled  also  by  the  lesions  anywhere  on  the  inter- 
nodes.  Dead  stubs  left  on  the  vines  are  a  means  of  holding  the 
disease  over  a  period  of  time.  New  shoots  may  be  formed  below 
the  girdled  region,  but  the  downward  progress  of  tiie  fungus  ulti- 
mately kills  the  plant  if  the  diseased  tissue  is  not  removed. 

(3)  Overwintering  out  of  doors  does  not  kill  the  ftmgus  in  cultures 
or  on  dead  vines.  Whenever  the  temperature  permits,  the  fungus 
resumes  its  growth. 

(4)  The  fungus  is  readily  isolated  and  grows  well  on  the  media 
generally  employed  in  the  Laboratory. 

(5)  The  disease  has  been  successfully  produced  by  inoculating 
C.  paniculata  and  C  jackmanni  with  the  mycelitun  from  pure 
cultures.  The  fungus  has  been  reisolated  from  such  inoculations, 
and  with  it  lesions  were  again  produced  on  other  vines  similarly 
treated. 

(6)  A.  clematidina  is  not  related  to  other  common  species  of  tiie 
genus  Ascochyta,  for  inoculations  made  in  growing  stems  of  bean, 
pea,  muskmelon,  pumpkin,  eggplant,  and  the  young  shoots  of  elm 
gave  negative  results. 

(7)  Spraying  the  plants  with  spores  will  produce  the  leaf-spot 
More  spots  are  produced  when  the  spores  are  placed  on  the  lower 
surface  of  the  leaf  than  on  the  upper.  A  temperature  of  23^  C.  is 
more  favorable  for  the  production  of  the  leaf-spot  than  a  temperature 
of  10^  C. 

(8)  The  matting  of  tiie  vines  produces  a  condition  most  favorable 
for  the  spread  of  the  disease.  Ventilation  can  be  obtained  by 
supporting  the  vines  or  by  planting  them  far  enough  apart  to  prevent 
matting. 

(9)  On  the  hybrids  the  disease  can  be  controlled  in  the  forcing 
frames  or  in  the  greenhouse  by  the  use  of  sprajrs.  In  the  field,  tiie 
spraying  of  hybrids  properly  supported  is  of  littie  benefit 

*  Also  printed  in  Jotmud  of  AffricuUural  Research,  4: 331-342.     1915. 
t  A  reprint  of  Technical  Bulletin  No.  44,  August,  1915. 
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(lo)  On  C  paniculata  spraying  with  a  fungicide  checks  the 
disease.  In  flie  field  the  removal  of  diseased  leaves  and  vines 
before  sprajing  is  of  practical  value  in  controlling  the  disease. 

(ii)  Sulphur  dusted  on  C  paniculata  in  large  quantities  may 
cause  injury. 

(12)  A  mixture  of  i  pound  of  laundry  soap  and  6  pounds  of  sul- 
iriior  to  15  gallons  of  water,  when  sprayed  on  cuttings  in  the  green- 
house or  on  C.  paniculata  growing  in  the  beds,  controUed  the  disease. 

INTRODUCTION. 

The  sudden  dying  of  clematis  plants  has  been  known  for  many 
years,  and  there  has  been  much  speculation  as  to  its  cause  and 
prevention.  Apparently  the  disease  occurs  in  both  Europe  and 
America  wherever  the  large-flowered  kinds  of  clematis  are  grown 
extensively.  From  published  accounts  it  is  clear  that  the  various 
writers  had  in  mind  the  same  disease,  though  they  ascribed  it  to 
different  causes.  In  1884  Arthur  (1)  ^  studied  a  clematis  stem-rot 
which  he  suspected  of  being  due  to  the  fungus  Phoma  ctematidis 
Sacc.  Trelease  (16),  Comstock  (3),  Klebahn  (7),  and  others  have 
considered  nematodes  as  the  causal  agent.  In  specimens  received 
from  Klebahn,  Bitzema  Bos  (2)  found  nonparasitic  nematodes, 
while  in  material  of  his  own  collection  he  found  the  larvsB  of  a  fly, 
Phytomyza  affinis,  and  a  species  of  Pleospora.  Prillieux  and  Dela- 
croix (9)  and  Morel  (8)  believed  the  disease  to  be  of  bacterial  origin. 
Sorauer  (13)  reports  a  gall-like  formation  on  the  stem  of  Clematis 
jackmanni  near  the  surface  of  the  soil  and  attributes  the  death  of  the 
affected  plants  to  Gloeosporium  dematidis.  Green  (5,  p.  284-285) 
has  reported  the  relative  susceptibility  of  a  few  varieties  of  clematis 
which  he  grew,  but  he  did  not  attempt  to  ascertain  the  cause  of  the 
disease.  Except  for  a  preliminary  abstract  by  the  writer  (4),  the 
primary  cause  of  the  clematis  disease  has  heretofore  been  unknown. 

DESCRIPTION  OF  THE  DISEASE. 

The  clematis  disease  manifests  itself  differently  on  the  various 
species  and  hybrids.  On  hybrids  grown  in  the  field  it  is  a  stem-rot, 
while  in  the  greenhouse,  where  the  cuttings  are  propagated,  it  is  a 
leaf-spot  as  well  as  a  stem-rot.  On  Clematis  paniculaia  the  disease 
takes  both  forms. 

C.  paniculata,  a  type  species,  is  propagated  from  seed  ^  and  when 
grown  in  uninfected  cold  frames  or  greenhouses  remains  free  from 

^  Eeferenoe  is  made  by  number  to  "  Literature  cited,''  p.  329. 

'Far  description  of  general  methods  of  propagation  and  of  the  various  species 
of  elematw  see  the  following: 

Bafley,  L.  H.,  ed.  Cyclopedia  of  American  Horticulture.  Ed.  7,  1:  327-332,  fig. 
485-492      1910. 

Le  B«ie,  Jules!  The  clematises.  Garden,  53:  544-548, 54:  39-40, 127, 138, 200-201, 
240-241.     1898.    Translated  from  Bui.  8oe.  Hort.  Saiihe,  1896. 
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disease.  Such  seedlings  are  either  potted  or  placed  in  beds,  where 
they  are  planted  about  an  inch  apart  in  rows  4  inches  apart.  In  the 
fall,  when  these  plants  have  made  a  growth  of  8  to  10  ii^ches,  the 
leaf-spot  may  make  its  appearance  and  be  thus  carried  over  the 
winter  on  the  dead  leaves  or  in  lesions  formed  on  the  vines.  If  these 
plants  are  left  in  tlie  beds  a  second  season,  the  f Ongus  may  make  its 
appearance  early  in  spring  and  increase  until  by  midsummer  no 
vine  is  wholly  free  from  disease.  The  leaf-spot  may  first  appear 
either  as  a  mere  dot  or  as  a  water-soaked  area.  With  the  advent 
of  moist  warm  weather  the  former  usually  leads  to  the  latter.  On 
drying  the  water-soaked  spot  becomes  tan-colored  with  a  red  margin. 
Plate  XVIII  shows  the  general  appearance  of  the  disease  on  C.  panicu- 
lata.  The  older  leaves  are  badly  diseased  or  dead,  and  the  fungus  has 
grown  down  the  petiole  to  the  node,  where  in  time  the  vine  may 
become  girdled.  The  younger  leaves  show  the  early  stages  of  the 
leaf-spot.  The  stem  shows  the  lesions,  reddish  in  color,  formed  at  the 
nodes  and  on  the  intemodes.  Later  these  take  on  a  gray  color. 
Plate  XIX  illustrates  a  group  of  leaves  of  C.  pantcviata  with  spots  that 
are  zonate,  owing  to  the  unequal  growth  of  the  fungus  under  the 
influence  of  changes  in  temperature.  The  newly  formed  spot  has  a 
dark  margin  of  red  tissue  and  a  lighter  center.  Pycnidia  are  produced 
on  the  diseased  leaves.  Succulent,  growing  tissues  succumb  more 
readily  to  the  disease  than  do  the  woddy  stems.  In  the  latter  it  may 
require  a  month  for  the  fungus  to  pass  a  node.  Plate  XX,  fig.  1, 
shows  a  portion  of  a  vine  of  C.  panicukUa  44  inches  long  on  which 
the  lower  leaves  were  wilted,  while  the  distal  ones  were  still  turg;id. 
The  fimgus  entered  through  the  stub  a.  It  girdled  tiie  stem  and 
disintegrated  the  upper  roots,  leaving  the  central  cylinder  as  the 
only  means  of  communication  with  the  healthy  roots  below.  Pure 
cultures  of  Aaocochyta  clematidina  were  obtained  from  the  boundaries 
of  the  lesion.  Pycnidia  were  formed  on  the  stem  above  the  ground. 
In  other  cases  pycnidia  have  been  found  on  the  epidermis,  while  the 
tissues  underneath  were  healthy. 

Some  of  the  large-flowered  kinds  of  clematis  are  grown  from  seed, 
but  in  America  the  majority  of  those  cultivated  are  hybrids.  They 
are  propagated  from  cuttings  taken  from  rapid-growing,  disease-fi^ee 
vines.  The  cuttings  are  made  in  May  or  June  and  consist  of  a  single 
node  with  the  attached  leaves  and  the  internode  below.  They  are 
placed  in  moist  sand  and  exposed  to  bottom  heat  or  else  grown  in 
forcing  frames.  In  clematis  forcing  frames  the  humidity  and  tem- 
perature are  usually  higher  than  in  the  average  greenhouse.  Under 
these  conditions,  if  the  spores  are  present,  a  leaf-spot  may  be  formed, 
and  the  entire  cutting  may  be  killed  or  the  fungus  may  be  halted 
at  the  node.  The  fungus  that  has  been  checked  may  again  become 
active  when  the  cuttings  are  potted  and  placed  in  the  greenhouse, 
or  new  infections  may  take  place  on  the  leaves.  In  the  faU  some  of 
the  plants  are  placed  in  storage,  while  others  are  kept  over  winter 
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in  the  greenhouse  and  the  tope  used  for  cuttings.  In  the  following 
spring  both  lots  are  transplanted  into  tiie  open  field  and,  unlike 
C  panicidala,  are  not  allowed  to  trail  on  the  ground.  Experience  has 
tau^t  the  nurseryman  that  supported  vines,  owing  to  the  better 
ventilation  they  receive,  do  not  die  as  readily  as  those  left  on  the 
ground.  They  make  a  vigorous  growth,  and  yet  when  about  to 
bloom  they  may  suddenly  die.  It  is  at  this  sta^  that  the  disease 
first  attracts  the  attention  of  the  nurseryman,  though  in  reality  it 
was  on  the  plants  while  they  were  still  in  the  sreanhouse  and  was 
there  overlooked.  Plate  XA,  fig.  1,  shows  a  plant  free  from  leaf- 
spot,  yet  girdled  by  the  fungus  lurking  in  the  stub  a,  which  in  ordinary 
practice  is  not  removed.  Plate  XX,  fig.  2,  is  a  reproduction  of  another 
vine  of  C.  jackmanni  that  has  many  pycnidia  of  A.  dematidina  on 
the  old  stub.  After  the  removal  of  this  stub  some  of  the  discolored 
tissue  still  remained.  The  new  shoot  formed  is  wilting,  and  the 
sidit  stem  shows  discolored  fibrovascular  bundles  from  which 
A.  dematidina  was  isolated.  In  advanced  st^es  the  roots  may 
disintegrate  similarly  to  that  shown  in  Plate  XI A,  fig.  1.  The  spots 
on  the  leaves  of  C.  jackmanni  resemble  those  found  on  C.  panicuiata, 
C.  reda,  and  C  virginiana. 

ISOLATION  OF  THE  CAUSAL  FUNGUS. 

By  previous  writers  the  dying  of  clematis  plants  has  been  assigned 
to  various  factors,  but  none  have  discovered  the  primary  cause.  The 
dying  of  the  leaves  owing  to  lack  of  light,  the  breaking  of  the  vine  by 
strong  winds,  and  injury  by  nematodes  are  factors  that  have  been 
eliminated  as  primary  agencies,  while  the  constant  association  of 
A.  dematidina  points  to  it  as  the  causal  organism.  The  fungus  can 
be  readily  isolated  by  the  poured-plate  method,  using  the  spores 
from  a  crashed  pycnidiiun,  by  the  use  of  sterile  leaf  tissues,  or  by  the 
use  of  free-hand  sections  of  diseased  material.  The  last-named 
method  consists  in  making  free-hand  sections  under  as  sterile  con- 
ditions as  possible  bv  sterilizing  the  outer  tissue  and  the  instru- 
ments. If  such  sections  show  mycelium  they  are  transferred  to 
sterile  media.  Some  have  maintained  that  no  mycelium  can  be 
seen  in  the  decayed  tissue,  but  the  writer  has  observed  in  the  tissues 
3  to  5  mm.  from  the  bound^es  of  the  lesions  mycelium  which  in 
plate  cultiures  proved  to  be  that  of  the  causal  organism,  A.  dematidina. 

A.  dematidina  grows  well  on  the  media  generally  used  in  the 
laboratory.  It  grows  at  about  the  same  rate  on  nutrient  glucose 
agar,  oatmeal  agar,  bean  pods  or  stems,  moist  oats,  and  corn  meal, 
producing  pycnidia  in  five  to  seven  days.  These  pycnidia  may 
show  a  pink  tinge  at  first  and  later  turn  brown.  The  fungus  grows 
less  vigorously  on  corn-meal  agar,  potato  agar,  starch  agar,  sugar- 
beet  plugs,  apple  twigs,  and  sterile  raw  carrot.  Oatmeal  and  starch 
agar  are  at  first  turned  green,  but  later  take  on  a  brown  color.    On 

11 
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starch  agar  the  mycelium  penetrates  the  medium  and  forms  chlamy- 
dospores,  as  shown  in  Plate  XIX,  fig.  1.  These  are  thick-walled, 
green-brown  bodies  filled  with  oil  globules.  When  placed  in  water, 
they  germinate  readily. 

INOCULATION  EXPERIMENTS. 

To  prove  the  pathogenicity  of  A,  devrudidina,  mycelium  from  pure 
cultures  was  inoculated  into  stems  of  C.  panicaiaJUi  and  C.  jackmanni. 
In  all  cases  lesions  were  produced,  while  the  checks  remained  normal. 
From  such  lesions  the  fungus  was  reisolated,  and,  when  again 
inoculated  into  either  host,  typical  lesions  were  produced.  In  all, 
four  sets  of  inoculation  experiments  were  carri^  out  at  various 
times,  making  from  3  to  10  inoculations  on  each  of  32  plants. 
Inoculations  on  succulent  stems  caused  the  vines  to  wilt  in  four  days, 
while  in  one  case  an  inoculation  on  a  woody  vine  6  mm.  in  diameter 
required  47  days  to  kill  the  plant.  Pycnidia  were  produced  on  all 
lesions. 

Plants  of  C.  panicidata  were  sprayed  with  sterile  water  containing 
spores  of  A.  demcUidina  and  then  kept  under  bell  jars  for  two  days, 
on  the  third  day  the  leaves  showed  water-soaked  spot^  of  various 
sizes,  while  the  checks,  which  had  been  sprayed  with  sterile  water, 
remained  free  from  disease.  To  test  the  effect  of  temperature  on 
infection,  two  plants  were  sprayed  with  the  same  spore-laden  water 
and  then  subjected  to  different  temperatures — 23°  C.  and  10°  C. 
At  the  end  of  five  days  the  plant  kept  at  23°  showed  45  leaf  spots, 
while  the  plant  kept  at  10°  showed  but  1  spot. 

Spores  placed  on  the  lower  surface  of  the  leaves  produced  more 
spots  than  those  placed  on  the  upper  surface.  Typical  lesions  were 
also  produced  on  the  roots  by  inoculating  them  with  the  mycelium 
from  a  pure  culture. 

The  A.  clematidina  isolated  from  C  paniculata  was  inoculated  into 
growing  stems  of  bean,  pea,  muskmelon,  pumpkin;  into  stems, 
petioles,  and  fruits  of  eggplant  (var.  Black  Beauty);  and  into  the 
young  shoots  of  elm.  In  all  cases  negative  results  were  obtained. 
On  most  of  these  plants  pycnidia  were  produced  on  the  tissues  killed 
in  making  the  wound,  but  in  no  case  did  the  mycelium  penetrate 
the  healthy  tissues  and  form  a  lesion. 

TAXONOMY  OF  THE  FUNGUS. 

Arthur  (1)  observed  a  species  of  Phoma,  possibly  P.  denuMiidis, 
on  clematis,  but  on  consulting  the  original  notes  made  by  him  it  is 
clear  that  he  had  a  fungus  dMerent  from  that  found  by  the  writer. 
On  but  one  occasion  has  Phoma  sp.  been  found  and  that  was  a 
saprophyte  on  the  leaf  of  C,  paniculaia.  It  was  isolated  in  pure 
culture,  the  mycelium  inoculated  into  the  stems,  and  the  spores 
sprayed  on  leaves,  but  in  no  case  were  lesions  or  leaf-spots  produced. 
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Saccardo  (11)  notes  A.  demaiidinay  A.  viiaJbae,  A,  indusiata,  and 
A.  davidiana  as  occurring  on  various  species  of  clematis,  and  their 
chief  point  of  difference  is  in  the  size  of  the  spores.  The  writer  has 
epunined  the  specimens  of  A,  demaiidina  Thtimen  on  C.  virginiana 
collected  by  Mr.  J.  J.  Davis  in  Wisconsin  and  distributed  in  Fungi 
Golumbiani  No.  2503;  also  those  of  A.  indiisiata  Bres.  on  C.  recta 
in  Krieger's  Fungi  Saxonici  No.  1189.  In  both,  the  spots  resemble 
those  found  on  C  panicuUUa  and  C  jackmanni.  In  the  former  the 
spores  are  cylindrical  1-septate  and  hyaline.  They  measure  8  to 
12  by  3.2m,  the  average  dimensions  being  9.5  by  3.2/i.  The  spores 
of  the  latter  species  are  hyaline  to  honey-colored,  somewhat  con- 
stricted, and  measure  12  to  22  by  6.3m»  with  an  average  of  19 
by6;«.- 

The  writer  has  repeatedly  examined  the  species  of  Ascochyta  on 

clematis  and  found  it  quite  variable.    The  chief  difference  is  in  the 

spores,  though  sometimes  the  pycnidia  are  more  deeply  immersed 

than  at  other  times.    Plate  XXI,  fig.  1,  shows  a  pycnidium  in  the 

leaf  tissues  of  C.  panicuUUa,    The  spores  vary  in  length  from  6  to  28m 

and  in  width  from  3  to  6m>  but  generally  they  are  about  9  to  13  by 

3  to  4/i*    Plate  XIX,  fig.  3,  shows  the  t3rpical  spores.    The  spores  are 

eiUier  1-  or  2-ceUed,  nurely  3-celled.    Some  leaves  of  C  jackmanrd 

collected  in  the  fall  of  1914  showed  pycnidia  having  spores  as  long 

as  28m  Ai^d  averaging  18  by  5.7m.     Inoculations  with  material  from 

cultures  obtained  by  the  isolation  of  single  spores  showed  that  this 

fungus  was  the  same  as  that  usually  encountered.    The  various 

differences  in  color  shown  by  the  spores  disappear  when  the  spores 

are  plated  out  under  control  conditions.    Considering  the  varia- 

biUty  of  the  fungus  found  by  the  writer,  any  of  the  descriptions 

given  for  the  different  species  of  Ascochyta  described  on  clematis 

would  in  general  apply  to  it.    Hence,  the  name  selected  is  the 

oldest  one,  Ascochyta  clemaiidina  Thtimen,  the  description  of  which 

is  here  emended  as  follows: 

Ascochyta  clematidma  (Thttmen). 

Ascochyta  clemaiidina  ThQmen,  Pilsfl.  Bibir.  n.  610,  1884,  in  Sacc.  Syll.  Fung., 
V.  3,  p.  396. 

On  stems  and  foliage;  spots  circular,  a<Hiate  to  indefinite;  pycnidia  (on  leaves  mostly 
^igenous,  sometimes  hypogenous)  tan  to  dark  brown,  scattered  to  gregarious,  globose 
to  subovoid,  immersed,  then  erumpent,  ostiolate,  averaging  120M  in  diameter;  spores 
variable,  subellipeoidal  to  cylindrical,  1-  or  2-oeUed,  septa  more  or  less  medial,  some- 
times constricted,  hyaline  to  dilute  honey  or  olive  color,  often  guttulate,  6  to  28  by 
3  to  6.4M,  usually  9  to  13  by  3  to  4M;  exuded  spore  mass  honey-colored,  sometimes 
pink. 

On  living  leaves  and  stems  of  ClematU  panicuUUa^  C.  wrgiviomaf  and  the  hybrids 
C.  hendersofiif  C.  henryiy  C.  jackmannif  C.  romona,  C.  Dtuihesa  of  Edinhwrg,  C  Mme. 
Baron  VeHlardf  and  C.  Mad,  Sdouard  AndrS.  According  to  Von  Thumen,  it  occurs 
also  on  living  leaves  of  C.  glaiuca.  As  yet  no  perfect  fcxm  of  A .  demaiidina  has  posi- 
tively been  found. 
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CONTROL  EXPERIMENTS  IN  1913. 

In  1913  Bome  2-year-old  plants  of  C.  panicuUUa  that  had  made  a 
dense,  matted  growth  of  tangled  vines  were  badly  diseased,  while 
a  bed  of  seedlings  next  to  them  was  free  from  disease.  In  an  attempt 
to  save  the  2-year-old  plants,  they  were  cut  back  to  a  length  of  4 
to  6  inches  and  then  sprayed  witii  bordeaux  mixture  on  July  21. 
A  small  area  was  left  unpruned  and  unsprayed  as  a  check.  By 
October  17  the  seedlings,  which  had  made  a  growth  of  8  to  10  inches, 
diowed  an  occasional  leaf  spot.  The  pruned-and-sprayed  plat  pro- 
duced an  excellent  growth,  but  had  some  leaf-spot  and  a  few  girdled 
vines.  The  check  diowed  many  dead  plants,  and  none  of  the  living 
ones  were  entirely  free  from  disease. 

CONTROL  EXPERIMENTS  IN  1914. 

A  writer  in  Oarden  (10)  states  that  bordeaux  mixture,  when 
applied  to  diseased  clemat^  plants,  was  of  no  benefit  in  checking 
the  disease.  In  1914,  spraying  experiments  were  carried  out  by  the 
writer  on  18  rows  (about  300  feet  long)  of  plants  of  C,  jackmanni, 
half  of  which  were  sprayed  with  bordeaux  mixture  (4-4-50  formula), 
while  the  others  were  left  as  checks.  Four  of  these,  two  checks  and 
two  sprayed  rows,  were  pruned  on  June  12  and  25  in  such  a  manner 
as  to  remove  the  dead  stubs  of  the  previous  year.  Plants  from 
which  all  of  the  discolored  tissue  could  not  be  removed  without 
injury  to  the  entire  vine  were  marked  with  tags.  The  rows  receiving 
bordeaux  mixture  were  sprayed  every  two  weeks.  The  final  examina- 
tion was  made  on  October  19.  No  difference  could  be  seen  between 
the  sprayed  and  the  check  rows  either  in  the  amount  of  leaf  spot 
or  the  number  of  dead  plants.  The  same  held  true  for  the  pruned 
and  unpruned  rows.  However,  there  was  but  little  leaf-spot,  and 
it  was  observed  that  the  dead  plants  in  the  pruned  rows  were 
invariably  plants  that  had  been  tagged.  No  doubt  the  pruning  was 
done  too  late  in  the  season  to  be  of  any  benefit.  Sulphur  dusted  on 
cuttings  in  the  forcing  frames  did  not  check  the  disease.  Plants 
in  the  greenhouse  sprayed  with  soap-and-sulphur  mixture  so  as  to 
cover  the  leaves  with  a  thin  film  were  healthier  than  the  unsprayed 
plants.  These,  however,  were  not  carried  through  the  second  season, 
and  hence  the  ultimate  results  are  unknown. 

Two  long,  narrow  beds  of  C.  paniculaia  were  utilised  for  spraying 
and  dusting  experiments  in  1914.  Bed  1  consisted  of  yearling  plants 
untreated  in  1913.  Bed  2  contained  2-year-old  plants  pruned  and 
sprayed  with  bordeaux  mixture  in  1913.  Both  beds  were  divided 
into  plats  6  by  25  feet  in  size. 

Two  plats  in  each  bed  were  sprayed  with  bordeaux  mixture  six 
times  at  intervals  of  two  weeks  from  May  15  to  August  8.  On  the 
same  dates  one  plat  in  each  bed  was  sprayed  with  a  soap-€Uid-sulphur 
mixture  composed  of  1  pound  of  soap,  6  pounds  of  sulphur,  and 


♦  ^ 

'    "  *T 

A       \£ 

l^f^ 

fi 

n-f^-t 

J    1 

.  i_ ..  t 

Plate  XVIII.—  CtfimUU  paniciJala:  Group  of  Lbavkb  Enu-HGBd 
TO  Show  Zonation  and  PrrNioiA  op  Spots.  Onb  Leaf  Shows 
Mewlt  Forhbd  Spot,  with  Lightir  Centbb. 


w 

1 

i 

r^ 

2      ^ 

/ 

s 

f 

CO 

9  ■ 

6 

0  ^ 

3 

/ 

Plate  XIX. 
(For  explanation,  we  back  of  Plate  XXI.) 


Plato  XXI. 
(For  explADAtion,  see  bock  of  this  pUte.) 


EXPLANATION  OF  PLATES  XIX,  XX,  AND  XXI. 

PLATE  XIX. 

Fig.  1. — ClemaHs  panieulata:  A  portion  of  a  vine  44  inches  long  that  showed  in- 
dications of  wilting  of  the  lower  leaves  while  the  distal  leaves  were  still  turgid.  The 
fungus  entered  through  the  stub  a.  In  the  girdled  region  the  parenchyma  of  the  roots 
had  disintegrated,  leaving  the  central  cylinder  as  the  only  means  of  communication 
with  the  healthy  roots  below.  Aacochyta  demaiidina  was  isolated  in  pure  cultures 
from  the  boundaries  of  the  lesion. 

Fig.  2. — Ascochyta  dematidina:  Chlamydospores  as  formed  on  starch  agar. 

Fig.  3. — Ascochyta  dematidina:  Camerarlucida  drawing  of  spores. 

PLATE  XX. 

Fig.  1. — Clematis  jaekmanni:  A  vine  free  from  leaf -spot  that  has  been  girdled  by 
Ascochyta  dematidina  in  the  region  of  the  previous  year's  stub  a.  A  new  shoot  would 
have  been  sent  forth  from  an  active  bud  at  6,  but  it  would  have  soon  died,  for  the  fun- 
gus had  discolored  the  vascular  bundles  beyond  this  point.  The  presence  of  the  fungus 
was  proved  by  isolating  it  from  the  discolored  tissue. 

Fig.  2. —  Clematis  jaekmanni:  Plant  from  which  the  diseased  stub  a  was  cut  away 
without  removing  the  discolored  tissue.  The  leaves  were  free  from  leaf-spot  and  were 
drying.  The  split  stem  shows  the  discolored  ^brovascuiar  bundles  from  which  the 
fungus  was  isolated. 

PLATE  XXI. 

Fig.  1. — Ascochyta  dematidina:  Photomicrograph  of  a  pycnidium  from  stained  sec- 
tion of  a  leaf  of  Clematis  panictUala. 

Fig.  2. — Ascochyta  dematidina:  Culture  growing  on  agar  to  which  Ivory  soap  at  the 
rate  of  1  pound  to  15  gallons  of  water  was  added,  showing  the  oily  film  about  the  margin 
of  the  culture  in  which  the  crystals  of  stearic  acid  are  found. 
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15  ^ODB  of  water.  Two  and  one-half  gallons  of  the  mixture,  con- 
taining 1  pound  of  sulphur,  were  used  on  each  plat  at  each  appli- 
cation. On  two  plats  in  bed  1  and  one  plat  in  bed  2  the  plants  were 
dusted  six  times  with  sulphur,  using  1  pound  to  the  plat  at  each 
application.  The  remaining  eight  pktts  (three  in  bed  1  and  five  in 
bed  2)  were  left  untreated  for  checks. 

As  the  season  advanced,  the  virulence  of  the  disease  increased, 
becoming  quite  severe  on  all  three  check  plats  in  bed  1  and  one  check 
plat  in  bed  2.  On  August  8  some  of  the  plats  were  pruned,  thus 
temiinating  the  main  experiment.  The  effect  of  the  different  kinds 
of  treatment  up  to  August  8  is  shown  in  Table  I. 

Tabub  L — Rbbuvtb  or  an  Exfebimbmt  on  the  Control  of  Lbafh3pot  and  Stem-rot 

OF  Clematis  panictdcUa, 


Bed  No.  1. 


Bed  No.  2. 


Fbt 
No. 


Treatment. 


Percent- 
age of 
plants  free 
from 
dieeaee. 


put 

No. 


Treatment. 


Percent- 
age of 
plants  free 
from 
disease. 


1 
2 
3 
4 
5 
6 
7 
8 


Bordeaux  mixture 

Check. 

Bordeaux  mixture 

Cheek. 

Sulphur 

Soap  and  sulphur. 

Check 

Su^dnir 


75 
2 

80 
10 
80 
100 
10 
66 


0 
10 
11 
12 
13 
14 
15 
16 
17 


Bordeaux  mixture 

Check 

Sulphur 

Check 

Soap  and  sulphur. 
Check 

do     

do     

Bordeaux  mixture 


60 
2 
70 
45 
100 
85 
85 
85 
05 


The  results  are  more  uniform  in  bed  1  than  in  bed  2.  This  may  be 
due  to  the  treatment  of  bed  2  the  previous  year.  That  there  was  more 
<lisea9e  in  plats  9  and  10  than  in  the  other  plats  of  bed  2  may  be 
accounted  for  by  the  fact  that  these  two  plats  were  used  as  checks 
in  1913,  and  hence  were  neither  pruned  nor  sprayed  in  that  year. 
Plats  sprayed  with  the  soap-and-sulphur  mixture  remained  free  from 
l6af-6pot  and  lesions  on  the  stems;  hence,  their  condition  is  rated  at 
100  per  ct.  In  rating  the  other  plats  the  amount  of  leaf-spot, 
the  number  of  lesions,  and  number  of  girdled  plants  have  all  been 
considered. 
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On  the  plats  1,  3,  and  17,  which  were  sprayed  with  bordeaux 
mixture  and  which  were  not  pruned  on  August  8,  the  spraying  was 
continued  to  the  end  of  the  season.  Check  plats  4,  14,  and  16  also 
were  left  unpruned.  On  October  19,  when  the  final  examination  of  these 
plats  was  naade,  it  was  found  that  in  plats  1  and  3  the  leaves  on  the 
new  growth  were  disease-free  and  that  there  was  but  an  occasional 
dead  vine.  On  check  plat  4  half  of  the  newly  formed  leaves  were 
diseased,  and  about  one-third  of  the  vines  were  dead.  Plats  16  and 
17  ^owed  about  the  same  amount  of  leaf-spot,  only  an  occasional 
spot.  The  former,  however,  showed  more  lesions  on  the  stems  than 
the  latter.  Check  plats  2,  7,  10,  and  12,  which  had  been  pruned 
back  to  a  length  of  4  to  6  inches  and  then  given  one  application  of 
bordeaux  mixture,  had  but  little  disease  as  compared  with  plat  4, 
which  had  received  no  treatment  whatsoever. 

INJURIOUS  EFFECTS  OF  SULPHUR  ON  CLEMATIS 

PANICULATA. 

The  promising  results  obtained  by  Smith  (12)  in  dusting  asparagus 
with  sulphur  for  the  control  of  rust  led  the  writer  to  try  sulphur  in 
controlling  the  fungus  on  clematis.  Up  to  August  8  the  results  were 
satisfactory,  and  no  injury  was  observed.  Soon  after  the  pruning  of 
August  8  there  were  several  hot,  dry  days  followed  by  a  period  of 
rainy  weather,  during  which  water  accumulated  at  the  end  of  bed  1. 
Up  to  the  end  of  the  season  only  one  plant  in  plat  8  had  sent  forth 
a  new  shoot.  The  other  vines  were  dead,  and  the  stems  at  liie  sur- 
face of  the  ground  for  about  an  inch  were  discolored.  A  particle 
of  soil  placed  on  the  tongue  had  an  acid  taste.  According  to  a  test 
made  by  Mr.  R.  F.  Keeler,  1  gm.  of  this  soil  is  equivalent  to  0.6  c.c. 
of  ^  acid,  while  soil  from  the  adjoining  check  plat  7  was  neutral. 
In  check  plat  7  a  few  vines  died,  owing  to  the  lack  of  drainage,  but 
it  seems  apparent  that  in  the  other  cases  the  injury  was  caused  by 
sulphur  that  had  washed  from  the  foliage  and  had  accimiulated  in 
the  upper  layer  of  soil.  As  the  season  advanced,  sulphur  injury 
was  observed  in  the  other  treated  plats,  but  in  these  cases  the  injury 
was  localized  in  areas  not  larger  than  2  feet  in  diameter.  The 
injury  began  to  show  on  the  plats  sprayed  with  the  soap-and-sulphur 
mixture  after  nine  applications  had  been  made,  while  in  the  plats 
dusted  with  sulphur  it  appeared  after  six  applications  had  been  made. 

SOAP  AND  SULPHUR  AS  A  SPRAY  MIXTURE. 

A  mixture  of  about  1  pound  of  laundry  soap  and  6  pounds  of  sulphur 
in  15  gallons  of  water  was  in  common  use  as  a  greenhouse  spray  at  the 
nursery  where  the  spraying  experiments  were  conducted.  It  was 
used  with  success  in  the  control  of  leaf-blotch,  Diplocarpon  rome 
Wolf,  on  susceptible  varieties  of  roses  grown  in  the  forcing  houses. 
Halsted  and  Kelsey  (6)  used  Ivoiy  soap  at  the  rate  of  1  ounce  to 
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4  gallons  of  water  for  spraying  Phlox  drummondii  and  the  common 
verbena  attacked  by  powdery  mildew  and  were  able  to  check  it. 
Another  (15)  has  shown  that  soap  at  the  rate  of  1  ounce  to  1  gallon 
of  water  controUed  the  mildew  and  aphids  of  roses.  R.  E.  Smith  (12) 
recommended  that,  in  the  absence  of  dew,  whale-oil  soap  be  sprayed 
on  asparagus  tops  to  hold  the  sulphur  that  is  to  be  dusted  over  them 
for  the  control  of  the  rust.  Spieckennann  (14)  has  shown  that 
weak  solutions  of  soap  have  a  nutritive  value  and  can  be  assimilated 
by  the  higher  fungi. 

In  order  to  test  the  toxic  effect  of  soap,  mycelium  of  A.  demaiidina 
was  transferred  to  petri  dishes  containing  soap  agar  of  different 
strengths  —  viz,  2  per  ct.  agar  containing  alkali-free  Ivory  soap 
in  the  proportion  of  1  pound  to  5,  10,  15,  20,  and  40  gallons  of  the 
medium.  Fifteen  c.c.  of  such  media  were  placed  in  each  petri  dish. 
When  the  fungus  became  established,  the  diameter  of  the  culture  was 
measured  daily,  and  the  rate  of  growth  was  considered  as  a  measure- 
ment for  toxicity.  Cultiu'es  on  2  per  ct.  agar  and  nutrient-glucose 
agar  served  as  checks.  Table  II  gives  the  averages  of  growth  of  four 
or  five  cultiu'es  on  each  medium  grown  under  the  same  conditions  at 
room  temperature. 

TaBLB   n. — SUIOLABT  OP  TBS  DaTA  ON  TBX  TOZIC   EFFECT  OF  SOAP  AgAH  OF   VaBI- 

OUB  Stbengiss  on  Aaeoehyta  dematidina. 


Num- 
ber of 
eult- 

Average  diameter  of  cultures  after  growth  for — 

CuUure  medium. 

■ 

urea. 

3 

5 

7 

0 

11 

13 

15 

17 

20 

28 

days. 

days. 

days. 

days. 

days. 

days. 

days. 

days. 

days. 

dayi. 

Mm. 

Mm, 

Mm, 

Mm. 

Mm. 

Mm. 

Mm. 

Mm, 

Mm. 

Mm, 

Soap  agar  (1  lb.  to  5  gab.) . . 
8(M4>  agar  (1  lb.  to  10  sals.) . 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Soap  agar  a  lb.  to  15  gab.) . 
Soap  agar  (1  lb.  to  20  gab.) . 

4 

0 

7 

9 

11 

15 

18 

20 

22 

25 

28 

6 

0 

11 

15 

19 

23 

20 

30 

34 

30 

44 

Soap  agar  (1  lb.  to  40  gab.) . 

4 

8 

20 

25 

32 

40 

44 

50 

56 

67 

78 

Cfaesk,  2  per  cent  agar 

6 

10 

21 

29 

40 

51 

61 

70 

77 

85 

•  •  ■  • 

Cheek,  nutrientr^uooee 

*gar, .....,,. 

6 

15 

20 

38 

48 

eo 

60 

77 

•  •  « 

•  •  • 

Plate  XXI,  fig.  2,  shows  a  culture  of  A.  demaiidina  on  soap  agar. 
The  concentric  ring  or  oily  film  about  the  culture  may  be  2  to  7  mm. 
wide.  Upnon  the  diying  of  the  medium,  crystals  of  stearic  acid  are 
seen  only  in  this  region,  indicating  that  an  active  principle  given  off 
by  the  fungus  liberated  the  fatty  acid.  The  culture  shows  a  green 
Coloration,  which  is  due  to  the  formation  of  brown-green,  thick- 
walled  chlamydospores.  These  bodies,  as  weD  as  the  mycelium, 
are  filled  with  oil  globules,  while  none  are  found  in  the  2  per  ct. 
agar.  These  cultural  experiments  indicate  that  soap  at  the  strengths 
in  which  it  is  used  as  a  contact  insecticide  has  in  itself  fungicidal 
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value,  as  well  as  being  a  means  of  adhesion  or  suspension  for  other 
materials. 

METHODS  OF  CONTROLLING  THE  FUNGUS. 

The  suggestions  here  given  for  controlling  A.  dematidina  are  based 
upon  the  observations  and  experiments  made  in  the  last  three  years. 
Greater  success  can  be  attained  by  changing  the  methods  of  culture 
than  by  spraying.  Long  experience  has  taught  the  nurseryman 
that  there  is  less  disease  when  the  hybrids  are  supported  while  grow- 
ing in  the  field  or  in  the  greenhouse  than  when  they  are  permitted 
to  trail  on  the  ground.  This  holds  true  also  for  C.  pantcu2ato,  but 
its  selling  price  does  not  warrant  so  much  expense  for  labor.  This 
can  be  overcome  by  transplanting  the  plants  from  the  beds  to  the 
open  field  after  the  first  year,  placing  them  far  enough  apart  to  pre- 
vent matting.  Spraying  is  beneficial  to  such  plants,  but  before 
making  such  appUcations  it  is  advisable  to  remove  all  diseased 
leaves  and  dead  vines.  Plants  so  treated  are  disease-free  in  the 
fall.  If  seedlings  are  grown  in  a  greenhouse  where  clematis  has  never 
been  grown  before  and  are  kept  away  from  older  diseased  beds,  they 
will  remain  disease-free.  The  fungus  can  live  as  a  saprophyte  on 
dead  vines  kept  out  of  doors  in  baskets,  and  under  such  conditions 
it  has  lived  over  two  winters,  producing  pycnidia  and  viable  spores 
in  abundance.  This  indicates  that  the  same  beds  should  not  be  used 
for  clematis  in  successive  years. 

On  hybrids  the  disease  is  primarily  a  greenhouse  trouble  and  can  be 
overcome  by  the  use  of  cuttings  made  from  healthy  plants.  A  light 
spraying  with  the  soap-and-sulphur  mixture  has  proved  satisfactory 
in  the  greenhouse.  It  could  readily  be  applied  also  in  the  forcing 
frames.  Diseased  leaves  or  stubs  should  be  removed  as  soon  as 
discovered  so  as  to  prevent  the  fungus  becoming  established  in  the 
tissues. 

The  retail  purchaser  of  clematis  can  prevent  the  dying  of  plants  by 
taking  proper  simple  precautions.  The  plants  should  be  placed  in 
good  soil,  well  drained  and  on  a  sunny  exposure.  As  soon  as  the  new 
shoots  have  formed  the  old  vine  tissue  should  be  carefully  cut  away 
close  to  the  new  shoots,  removing  all  traces  of  the  brown,  discolored 
wood  in  which  the  fungus  is  to  be  found.  Proper  ventilation  is 
obtained  by  training  the  plants  to  a  strong  trellis. 
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REPORT  OF  THE  DEPARTMENT  OF 

CHEMISTRY. 

CONCERNING  THE  ORGANIC  PHOSPHORUS  COM. 
POUND  OF  WHEAT  BRAN  AND  THE  HYDRO. 

LYSIS  OF  PHYTIN.* 

R.  J.  ANDERSON 

SUMMARY. 

This  bulletin  contains  reports  of  investigations  concerning:  (I)  the 
nature  and  composition  of  the  principal  organic  phosphoric  acid 
isolated  from  the  o.a  per  ct  hydrochloric  acid  extract  of  wheat  bran, 
(n)  flie  products  formed  from  phytin  by  the  action  of  the  enzyme 
^ytase  contained  in  wheat  bran^  (m)  the  hydrolysis  of  the  organic 
phosphorus  compound  of  wheat  bran  in  different  solvents  and  (IV) 
the  nature  and  composition  of  the  organic  phosphorus  compound  erf 
wheat  bran  when  isolated  from  solvents  whidh  destroy  flie  enzyme 
^ytase. 

It  has  been  shown  in  previous  reports  that  flie  organic  phosphorus 
confounds  isolated  from  o.a  per  ct  hydrochloric  acid  extracts  of 
^eat  bran  differ  in  composition  from  phjrtin  and  ph]rtic  acid  or 
inosite  hexaphosphoric  acid.  (Technical  Bulletin  No.  22  of  this 
Station.) 

It  has  also  been  shown  tiiat  the  above  substance  is  not  a  homo- 
geneous compound  but  that  it  can  be  separated  into  several  fractions 
nhicfa  differ  hi  composition.  (Technical  Bulletin  No.  36  of  tiiis 
Station.) 

L  The  first  part  of  this  bulletin  describes  the  further  separation 
of  tiiese  compounds  and  flie  isolation  of  a  new  organic  phos^oric 
addf  inosite  triphosphoric  acidi  as  a  crystalline  strychnine  salt  from 
tiie  water-insoluble  portion  of  the  add  barium  salts. 

The  neutral  barium  inosite  triphosphate,  CeHoOisPsBa^i  was  pre- 
pared from  flie  crystalline  strychnine  salt  It  was  a  white  amor- 
phous powder. 

The  free  inosite  triphosphoric  acid  CtHuOifiPs,  was  prepared  from 
the  barium  salt  and  it  was  obtained  as  a  non-crystallizable  syrup. 

The  reactions  of  inosite  triphosphoric  acid  differ  in  several  par- 
ticulars from  fliose  of  phytic  acid  or  inosite  hexaphosphoric  acid  but 
Hke  the  latter  it  decomposes  when  heated  in  a  sealed  tube  with 
dihtte  sulphuric  acid  into  inosite  and  phosphoric  acid. 

EL  The  chief  products  of  flie  hydrolysis  of  phytin  by  the  phytase 
in  iriieat  bran  are  inorganic  phosphoric  add  and  certain  intermediate 
confounds  apparenfly  consisting  of  inosite  tri-|  di-  and  monophos- 
phoric  adds.  These  intermediate  substances  are  identical  wim  the 
compounds  ^diich  we  have  previously  isolated  from  0.2  per  ct.  hy- 
diocfaloric  add  extracts  of  idieat  bran. 

^  A  reprint  of  Technical  Bulletin  No.  40,  January,  19U. 
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A  portion  of  the  phytin  was  completely  hydrolyzed  by  the  actioii 
of  the  enzyme  into  phosphoric  acid  and  inosite  because  the  soltttion 
was  found  to  contain  some  free  inosite. 

All  of  the  phytin  was  partially  hydrolyzed  since  the  final  reactioii 
mixture  did  not  contain  any  unchanged  inosite  hexaphosphoric  add. 

m.  The  results  herein  reported  amplify  and  confinn  the  ex- 
periments of  Suzuki,  Yoshimura  and  Takaishi  and  of  Plimmer  con- 
cerning the  presence  of  the  enzyme  ^^phytase"  in  wheat  bran 
which  is  capable  of  hydrolyzing  phytin  with  the  productioa  of 
inorganic  phosphoric  add. 

The  mayimiim  activity  of  the  enzyme  has  been  shown  to  occur 
in  the  presence  of  o.i  per  ct  hydrochloric  add  and  0.2  per  ct.  acetic 
add.  With  increasing  concentration  of  the  hydrochloric  acid  the 
activity  rapidly  diminishes  and  with  0.5  per  ct  hydrochloric  add 
there  is  practically  no  hydrolysis  of  the  organic  phosphorus. 

The  enzyme  is  destroyed  by  boiling  water  and  by  boiling  0.2  per 
ct.  hydrochloric  add.  It  is  also  destroyed  by  a  short  exposure  to 
0.5  per  ct.  hydrochloric  acid  and  to  0.25  per  ct  ammonia. 

It  is  shown  that  wheat  bran  normally  contains  about  o.i  per  ct 
of  inorganic  phosphorusi  which  is  equal  to  about  zz  per  ct  of  the 
total  soluble  phosphorus. 

IV.  By  d^esting  wheat  bran  in  i.o  per  ct  hydrochloric  add, 
which  is  sufficiently  strong  to  destroy  the  enzyme  phytase,  it  is 
possible  to  isolate  from  the  extract  crystalline  barium  salts  of  fhe 
following  composition : 

CflHisOttPeBaa+SHsO  and  (CflHiiOt4Pe)2Ba7+i4HsO 

These  salts  are  identical  with  the  tribarium  phytate  and  heptaba- 
rium  phytate  obtained  from  oats,  com,  cottonseed  meal  and  com- 
mercial phjrtin.  All  of  these  materials  contain  therefore  flie  same 
organic  phosphorus  compoundi  yiz.|  phytic  acid  or  inosite  hexaphos- 
phoric acid,  C6Hi8024P6* 

I.  INOSITE  TRIPHOSPHORIC  ACID  IN  WHEAT  BBAN.^ 

(EleTenth  paper  on  Phytin.) 
INTRODUCTION. 

Hie  only  definitely  homogeneous  organic  phosphoric  add  ever 
isolated  from  wheat  bran,  so  far  as  we  are  aware,  is  the  crystalline 
inosite  monophosphate  which  we  described  in  a  previous  papier.^ 
This  substance  differs  from' other  inosite  phosphoric  acids  in  that  it 
crystallizes  readily  and  particularly  in  that  its  barium  salt  is  very 
soluble  in  water,  i.  e.,  it  is  not  precipitable  with  barium  hydroxide. 

""The  experimental  work  herdn  reported  was  carried  out  mainly  in  the  Fiist 
Chemical  Institute  of  the  University  of  Beilin,  Berlin,  Germany. 

'  Joiw.  Bid.  Chem.  18: 441,  1014;  and  N.  Y.  Agr.  Exp.  Sta.  Tech.  BuU.  86,  1914. 
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Wheat  bran,  however,  contains  other  organic  pbosphoiic  acids 
which  are  precipitated  by  barium  hydroxide.  It  is  evident  from  the 
work  which  we  last  reported '  that  this  water-insoluble  barium  salt 
is  not  a  homogeneous  substance  but  that  it  is  a  mixture  of  various 
organic  phosphoric  acids.  Patten  and  Hart  *  isolated  an  acid  from 
this  mixture  of  the  water-insoluble  barium  salts,  which  they  believed 
to  be  phytic  acid.  We  have  shown,*  however,  by  the  analyses  of 
numerous  preparations,  freed  from  inorganic  phosphate,  that  the 
above  substance  differs  entirely  ia  composition  from  phytic  acid 
or  salts  of  this  acid.  Although  we  were  able  to  separate  this  sub- 
stance into  various  fractions  which  all  differed  in  composition,  it  was 
impossible  to  obtain  definitely  homogeneous  compounds  by  the 
method  employed.  The  separation  was  the  more  difficult  since 
neither  the  barium  salts  nor  other  salts  with  inorganic  bases  crys- 
tallized. 

In  our  previous  work  on  wheat  bran  we  had  always  used  the  crude 
bran  ordinarily  sold  in  the  market  for  cattle  feed.  This  product 
was  not  a  pure  bran  but  contained  various  impurities.  It  is  not 
unlikely  that  these  impurities  also  contained  organic  phosphoric  acids 
which  would  render  the  separation  of  pure  compounds  from  the 
final  mixtiLre  more  difficult. 

In  the  work  reported  in  this  paper  we  have  used  a  perfectly  pure 
wheat  bran  which  was  especially  prepared  from  winter  wheat  for 
us  in  a  local  mill. 

From  this  pure  bran  the  organic  phosphoric  acids  were  isolated 
as  barium  salts  in  the  usual  way  (see  Experimental  Part).  The 
acid  barium  salt  finally  obtained  was  shaken  up  with  cold  water  in 
which  about  one-half  of  the  total  substance  dissolved.  The  examina^ 
iion  of  the  vxUer-insolvble  portion  forms  the  subject  of  this  paper.  We 
hope,  later  on,  to  be  able  to  separate  the  vxxter'Solvble  substance, 
also,  into  its  constituents. 

The  portion  insoluble  in  water,  as  was  shown  in  our  last  report,* 
contains  a  higher  percentage  of  phosphorus  and  a  lower  percentage 
of  carbon  than  the  water-soluble  substance. 

Since  the  barium  salt  of  the  above  organic  phosphoric  acid  as  well 
as  salts  with  other  inorganic  bases  do  not  crystallize  we  tried  to 
prepare  salts  with  organic  bases  in  the  hope  of  obtaining  crystalliae 
compounds.  It  was  found,  however,  that  salts  with  phenylhy- 
drazin,  hydrazin  hydrate,  aniline,  pyridine,  etc.,  showed  no  more 
tendency  to  crystaJlize  than  those  with  inorganic  bases;  and  the 
Inrucine  salt  is  too  soluble  to  crystallize  well. 

Vour.  Biol.  Chem.  18:426,  1914;  and  N.  Y.  Agr.  Exp.  Sta.  Tech.  Bull.  36,  1014. 

'  Amer.  Chem.  Jovr.  31 :  566,  1904. 

^Jmtr.  Bid.  Chan.  12:447,  1912;  18:425,  1914;  and  N.  Y.  Agr.  Exp.  Sta. 
Tech.  Bun.  22,  1912,  and  Tech.  Bull.  36,  1914. 

Vota-.  BuA.  Chem.  18:425,  1914;  and  N.  Y.  Agrio.  Exp.  Sta.  Tech.  BuU.  36, 
1914. 
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It  was  found  finally  that  stiychnine  gave  a  readily  crystalline  salt 
with  the  above  acid.  This  strychnine  salt  separates  from  the  hot 
aqueous  solution,  on  cooling,  in  long  needle-shaped  crystals  or  some- 
times in  large  thin  plates,  depending  upon  the  concentration.  The 
salt  was  then  purified  by  recrystallLsing  several  times  from  water. 

This  substance  had  practically  the  same  composition  and  melt- 
ing point  as  the  salts  described  by  Clarke  ^  which  he  had  prepared 
from  wUd  Indian  mustard. 

However,  it  must  be  noted  that  the  molecular  weight  of  such 
strychnine  salts  is  so  high  that  it  is  impossible  accurately  to  deter- 
mine the  composition  of  the  acid  from  the  analysb  of  these  com- 
pounds. We  have  used  the  strychnine  salts  therefore  merely  as  a 
means  of  purification.  After  recrystallizing  the  salt  several  times 
the  strychnine  was  removed  and  the  acid  again  precipitated  with 
barium  hydroxide. 

The  substance  was  then  analyzed  and  the  composition  agreed 
very  closely  with  a  neutral  barium  salt  of  inosite  triphosphate, 
CftHoOisPsBas.  An  acid  barium  salt  was  prepared  by  precipitating 
the  hydrochloric  acid  solution  of  the  neutral  salt  with  alcohol.  On 
analysis  results  were  obtained  which  agreed  with  a  compound  of 
the  composition  Ci8Hs5046P9Ba6,  which  apparently  represents  three 
molecules  of  monobarium  inosite  triphosphate  joined  by  two  atoms 
of  barium. 

The  free  acid  was  prepared  from  the  bariiun  salt  and  analyzed. 
The  results  agreed  closely  with  the  calculated  composition  of  inosite 
triphosphoric  acid,  CsHuOisPi. 

Unfortunately  the  barium  salts  were  obtained  only  as  amorphous 
or  granular  powders  and  the  free  acid  itself  was  a  non-crystallizable 
syrup.  We  believe  nevertheless  that  the  substance  represents  a 
pure  compoimd  because  it  had  been  separated  previously  as  a 
crystalline  strychnine  salt  which  app>eared  perfectly  homogeneous. 

On  cleavage  with  dilute  sulphuric  acid  in  a  sealed  tube  at  a  tem- 
perature of  150^  inosite  triphosphate  decomposes  into  inosite  and 
phosphoric  acid. 

EXPERIMENTAL  PART. 

ISOLATION    OF    THE    SUBSTANCE    FROM    WHEAT    BRAN    AS    A    BARTDM 

SALT. 

The  wheat  bran  was  digested  over  ni^t  in  0.2  per  ct.  hydro- 
chloric acid.  It  was  then  strained  through  cheesecloth  and  filtered. 
The  free  acid  in  the  extract  was  nearly  neutralised  by  adding  a 
dilute  solution  of  barimn  hydroxide  until  a  slight  permanent  pre- 
cipitate remained.  A  concentrated  solution  of  bariiun  chloride  was 
added  and  the  precipitate  allowed  to  settle  over  night.  The  supa> 
natant  liquid  was  syphoned  off  and  the  residue  oentrifugalized. 

*Jow.  Chem,  Soe.  105: 636,  1914. 
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The  precipitate  was  finally  brought  upon  a  Buchner  funnel  and 
freed  as  much  as  possible  from  the  mother-liquor  and  then  washed 
in  30  per  ct.  alcohol.  For  further  purification  the  substance  was 
precipitated  alternately  six  times  from  about  1  per  ct.  hydrochloric 
add  with  barium  hydroxide  (Kahlbaum,  alkali  free)  and  six  times 
with  about  an  equal  volume  of  alcohol. 

After  this  treatment  the  substance  was  obtained  as  a  snow-white, 
amorphous  powder.  It  was  free  from  inorganic  phosphate,  and  bases 
other  than  barium  could  not  be  detected.  But  it  still  contained 
oxalates  from  which  it  was  freed  in  the  manner  described  in  a  former 
paperJ  The  substance  was  finally  precipitated  from  about  1  per  ct. 
hydrochloric  acid  with  alcohol,  filtered  and  washed  free  of  chlorides 
with  dilute  alcohol  and  then  in  alcohol  and  ether  and  dried  in  vacuum 
over  sulphuric  acid.    The  dry  preparation  weighed  about  66  grams. 

This  crude  acid  salt  was  rubbed  up  in  a  mortar  with  about  500 
CO.  of  cold  water,  allowed  to  stand  a  few  hours  and  then  filtered  and 
washed  with  water,  alcohol  and  ether  and  dried  in  vacuum  over 
sulphuric  acid.    The  water-insoluble  residue  weighed  about  30  grams. 

The  water-soluble  portion  contained  in  the  filtrate  was  precipitated 
with  barium  hydroxide  and  reserved  for  a  future  investigation. 

preparation  of  the  strychnine  salt. 

The  water-insoluble  portion  of  the  barium  salt  mentioned  above 
was  suspended  in  water  and  the  barium  precipitated  with  slight 
excess  of  dilute  sulphuric  acid.  The  barium  sulphate  was  removed 
and  the  filtrate  precipitated  with  excess  of  copper  acetate.  The 
copper  precipitate  was  filtered  and  washed  with  water  until  the 
washings  gave  no  reaction  with  barium  chloride.  It  was  then  sus- 
pended in  water  and  the  copper  precipitated  with  hydrogen  sulphide 
and  the  copper  sulphide  filtered  off. 

The  solution  containing  the  free  organic  phosphoric  acid  was 
diluted  to  about  2  liters  with  water  and  heated  on  the  water-bath 
and  44  grams  of  powdered  strychnine  added.  After  heating  for 
a  few  minutes  the  strychnine  was  dissolved.  The  solution  was 
filtered  and  concentrated  in  vacuum  at  a  temperature  of  45®  to  50° 
to  about  one-hidf  of  the  volume.  The  strychnine  salt  soon  b^an 
to  9q>arate  in  long  needle-shaped  crystals.  After  standing  in  the 
ice  dxeet  over  night  the  crystals  were  filtered  off  and  washed  in  ice- 
cold  water  and  finally  in  absolute  alcohol  and  ether  and  dried  in  the 
air.    Yield  45.8  grams. 

For  further  purification  the  substance  was  twice  recrystallized 
from  hot  water.  It  was  then  obtained  in  pure  white  needle-shaped 
crystals  which  looked  perfectly  homogeneous. 

From  more  concentrated  solutions  the  substance  sometimes 
separates  in  the  form  of  colorless  plates  which  differ  from  the  needle- 

'/ow.  BioL  Chan.  18:425, 1914;  and  N.  Y.  Agrl.  Expt.  Sta.  Teoh.  BuU.  36,  1914. 
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shaped  crystals  in  that  they  oontain  about  4  per  ct.  more  of  water 
of  crystallization. 

The  strychnine  salt  has  no  sharp  or  deiSnite  melting  point.  Heated 
in  a  capillary  tube  it  softens  at  about  200^  C.  but  it  does  not  melt 
completely  even  at  a  much  higher  temperature.  On  moist  litmus 
paper  it  ^ows  an  acid  reaction.  The  substance  does  not  change  in 
color  on  drying  at  105®  C. 

For  combustion,  the  substance  was  mixed  with  fine  copper  oadde. 
After  drying  at  105°  C.  in  vacuum  over  phosphorus  pentoxide  it 
was  analyzed. 

The  needle-shaped  crystals  gave  the  following: 

0.1534  gm.  subst.  gave  0.0901  gm,  HjO  and  0.3329  gm.  COj. 
0.2944  gm.  subst.  gave  0.0702  gm.  MgsPjOT. 
0.1175  gm.  subst.  gave  6.75  c.c.  nitrogen  at  22**  C.  and  763  mm. 
0.1688  gm.  subst.  lost  0.0154  gm.  H2O  on  drying. 
0.1982  gm.  subst.  lost  0.0183  gm.  H2O  on  drymg. 
Found:    C  =  59.18;  H  =  6.57;  P  =  6.64;  N  =  6.56;  HiO  =  9.12 
and  9.23  per  ct. 

The  plate-shaped  crystals  gave  the  following: 

0.1786  gm.  subst.  gave  0.0993  gm.  H2O  and  0.3909  gm.  COi. 
0.4972  gm.  subst.  gave  0.1089  gm.  MgsPjOT. 
0.1955  gm.  subst.  lost  0.0256  gm.  HsO  on  drying. 
0.5997  gm.  subst.  lost  0.0783  gm.  H2O  on  drying. 
Found :    C  =  59.60;  H  =  6.22;  P  =  6.10;  H2O  =  13.09  and  13.05 
per  ct. 

These  compounds  apparently  do  not  represent  any  definite 
strychnine  salt  of  inosite  triphosphate  but  it  would  seem  as  if  Uiey 
were  mixtures  of  the  tri-  and  tetrastrychnine  salts. 

For  tri-strychnine  inosite  triphosphate,  CJHuOisPa  (CsiHsaN20s)s= 
1422. 
Calculated:    C  =  58.23;  H  =  5.70;  P  =  6.54;  N  =  5.90  per  ct. 

For  tetra-strychnine  inosite  triphosphate,  CcHuOiePs  (CjiHigNiOi)* 
=  1756. 
Calculated:    C  =  61.50;  H  =  5.86;  P  =  5.30;  N  =  6.37  per  ct. 

PREPARATION  OF  THE  BARIUM  SALT  FROM  TH&  STRYCHNINE  SALT. 

The  recrystallized  strychnine  salt,  27  grains,  was  dissolved  in 
about  750  c.c.  of  hot  water  and  the  solution  rendered  alkaline  with 
ammonia.  After  standing  in  ice  water  for  some  time  the  strychnine 
was  filtered  off.  The  filtrate  was  shaken  with  several  portions  of 
chloroform  to  remove  the  last  traces  of  strychiune. 

The  solution,  which  contained  the  ammonium  salt  of  the  organic 
phosphoric  acid,  was  precipitated  by  adding  a  solution  of  barium 
chlonde  in  excess*    After  settling  ovar  night,  the  precipitate  was 
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filtered  and  washed  several  times  with  water.  It  was  then  dissolved 
m  1  per  ct.  hydrochloric  acid,  filtered,  and  precipitated  with  barium 
hydroxide  in  excess.  The  precipitate  was  filtered  and  washed  with 
water  mitil  free  from  chlorides.  It  was  again  dissolved  in  1  per  ct. 
hydrochloric  acid,  filtered,  and  the  solution  rendered  neutral  to 
litmus  with  barium  hydroxide.  The  precipitate  was  filtered  and 
washed  free  of  chlorides  with  water  and  then  in  alcohol  and  ether 
and  dried  in  vacuum  over  sulphuric  acid.  The  substance  was  a 
pure  white,  amorphous  powder.  On  moist  litmus  paper  it  showed 
a  very  faint  acid  reaction.    It  was  free  from  nitrogen. 

For  analysis  it  was  dried  at  100^  in  vacuum  over  phosphorus 
peatoxide. 

0.2323  gm.  subst.  gave  0.0370  gm.  HsO  and  0.0758  gm.  COs. 
0.2085  gm.  subst.  gave  0.1668  gm.  BaS04  and  0.0868  gm.  M^sO?. 
Found:    C  =  8.89;  H  =  1.78;  P  =  11.60;  Ba  =  47.07  per  ct. 

The  substance  was  again  dissolved  in  1  per  ct.  hydrochloric  acid 
and  the  solution  neutralized  to  litmus  with  bariiun  hydroxide.  It 
was  filtered,  washed  free  of  chlorides  with  water  and  then  in  alcohol 
and  ether  and  dried  in  vacumn  over  sulphuric  acid. 

It  was  analyzed  after  drying  as  before  and  the  following  results 
obtained: 

0.3168  gm.  subst.  gave  0.0481  gm.  HsO  and  0.0972  gm.  COs. 
0.2366  gm.  subst.  gave  0.1968  gm.  BaS04  and  0.0960  gm.  M^sO?. 
Found:    C  =  8.36;  H  =  1.69;  P  =  11.31;  Ba  =  48.94  per  ct. 

For  the  neutral  barium  salt  of  inosite  triphosphate,  CeHgOiePs 
Bat  =  826. 
Calculated:    C  =  8.71;  H  =  1.08;  P  =  11.25;  Ba  =  49.88  per  ct. 

In  the  two  analyses  reported  above  the  carbon  is  somewhat  low. 
It  must  be  noted,  however,  that  these  barium  salts  burned  with 
extreme  difficulty.  Traces  of  carbon  remained  after  prolonged  heat- 
Jiig  in  a  current  of  oxygen.  The  residues  were  mixed  with  fine  copper 
oxide  and  re-burned  when  one  or  two  milligrams  of  carbon  dioxide 
Were  obtained,  but  we  believe  that  the  combustion  even  under  these 
^ooditioQs  was  incomplete. 

FREPARITION  OF  THE  ACID  BABIUM  SAI^. 

Il^e  above  neutral  barium  salt  was  dissolved  in  the  minimum 
Qiiantity  of  1  per  ct.  hydrochloric  acid,  the  solution  was  filtered,  and 
precipitated  by  addinqg  about  an  equal  Volume  of  alcohol.  The 
I  '^ting  precipitate  was  filtered,  washed  free  of  chlorides  with  dilute 
«cohol  and  then  in  absolute  alcohol  and  etiier  and  dried  in  vacumn 
over  sulphuric  acid.  The  substance  was  then  a  pure  white,  amor- 
phous powder  which  showed  a  strong  acid  reaction  on  moist  litmus 
paper. 
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It  was  analyzed  after  drying  at  105^  in  vacuum  over  phosphorus 
pentoxide. 

0.2588  gm.  subst.  gave  0.0538  gm.  H20  and  0.1046  gm.  COs. 
0.1691  gm.  subst.  gave  0.1027  gm.  BaS04  and  0.0890  gm.  M^sO?. 
Found:    C  =  11.02;  H  =  2.32;  P  =  14.67;  Ba  =  35,74  per  ct. 

In  the  combustion  of  this  substance  a  practically  white  ash  was 
obtained. 

This  compound  is  evidently  a  complex  acid  salt  of  inofflte  tri- 
phosphate and  agrees  with  the  following  formula: 

Ci8H«04BP9Ba6  =  1937. 

(Calculated:  C  =  11.15;  H  =  1.80;  P  =  14.40;  Ba«85.4fi  per 
ct.)  which  may  be  graphically  represented  as  follows: 

CcHiaOiaPs  =  Ba 

>Ba 
C6HiA6Ps=Ba 

>Ba 
C«HuOi6Ps  =  Ba 

That  is,  three  molecules  of  mono-barium  inosite  triphosphate 
joined  by  two  atoms  of  barium.  Whether  it  is  a  compound  as  rep- 
resented above  or  a  mixture  of  various  acid  salts  of  inosite  triphos- 
phate can  hardly  be  determined. 

preparation  of  the  free  acid. 

The  barium  salt  from  above  was  suspended  in  water  and  the 
barium  precipitated  with  a  slight  excess  of  dilute  sulphuric  acid. 
The  barimn  sulphate  was  filtered  off  and  the  filtrate  precipitated  with 
excess  of  copper  acetate.  The  copper  precipitate  was  filtered  and 
washed  with  water  until  it  gave  no  reaction  with  barium  chloride. 
It  was  then  suspended  in  water  and  decomposed  with  hydrogen 
sulphide.  The  copper  sulphide  was  filtered  off  and  the  filtrate 
evaporated  in  vacuum  at  a  temperature  of  40^-45^  to  small  bulk 
and  then  dried  in  vacuum  over  sulphuric  acid.  The  substance  was 
then  obtained  as  a  practically  colorless  syrup.  After  continued 
dr3dng  it  forms  a  hard,  sticky  hygroscopic  mass.  It  is  extremely 
soluble  in  water  and  also  readily,  soluble  in  alcohol  and  in  absolute 
alcohol.  Much  time  was  consumed  in  endeavoring  to  obtain  it 
in  crystalline  form  but  without  success.  The  syrupy  substance 
was  therefore  analyzed  after  drying  first  for  several  days  in  vacuum 
over  sulphuric  acid  at  room  temperature  and  fijially  at  100^  C. 
in  vacuum  over  phosphorus  pentoxide.  On  drjdng  at  this  tem- 
perature it  turned  quite  dark  in  color. 

0.1685  gm.  subst.  gave  0.0557  gm.  HsO  and  0.1054  gm.  COs. 
0.1693  gm.  subst.  gave  0.1363  gm.  M&P1O7. 
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Found:    C  =  17.06;  H  =  3.69;  P  =  22.44  per  ct 
For  inosite  triphosphoric  acid  CeHuOisPs  =  420. 
Calculated:    C  =  17.14;  H  =  3.57;  P  =  22.14  per  ct. 

In  the  above  combustion  a  slight  residue  of  unbumed  carbon 
remained  enclosed  in  the  fused  metaphosphoric  acid.  It  was  mixed 
with  some  fine  copper  oxide  and  again,  burned  when  a  few  additional 
milligrams  of  carbon  dioxide  was  obtained. 

PROFBRTEBB  OF  INOSITE  TRIPHOSPHORIC  ACID. 

The  reactions  of  this  acid  differ  in  several  particulars  from  phytic 
acid  or  inosite  hexaphosphate. 

The  concentrated  aqueous  solution  gives  no  precipitate  with 
ammonium  molybdate  either  in  the  cold  or  on  wanning.  The  cold 
aqueous  solution  of  inosite  hexaphosphate  gives  a  white  crystaUme 
precipitate  with  ammonium  molybdate. 

The  aqueous  solution  of  the  acid  is  not  precipitated  with  silver 
nitrate.  Inosite  hexaphosphate  gives  a  white  amorphous  precipitate 
with  silver  nitrate  in  excess.  However,  a  solution  of  inosite  tri- 
phosphate neutralized  with  ammonia  gives  a  white  amorphous 
precipitate  with  silver  nitrate. 

An  aqueous  solution  of  inosite  triphosphoric  acid  when  added  to  a 
solution  of  egg  albiunen  causes  only  a  slight  turbidity  —  on  longer 
standing  a  white  precipitate  separates  slowly.  Inosite  hexaphosphate 
precipitates  ^g  albumen  immediately. 

The  acid  is  very  soluble  in  water  and  readily  soluble  in  alcohol 
and  absolute  alcohol  —  from  the  latter  solution  it  is  precipitated 
by  etibier  in  small  oily  drops. 

Tlie  acid  is  not  precipitated  by  barium  or  calcium  chlorides  but 
alcohol  produces  in  these  solutions  white  amorphous  precipitates; 
these  salts  are  likewise  precipitated  with  ammonia. 

GLBAVAQB    OF   XNOSTTB    TRIPHOSPHORIC  ACID  INTO  INOSITB  AND 

PHOSPHORIC  ACID. 

One  g^ram  of  the  acid,  dissolved  in  a  little  water,  was  heated 
with  10  c.c.  of  ^  sulphuric  acid  in  a  sealed  tube  for  three  hours 
to  ISO^-ISS**.  The  contents  of  the  tube  were  then  slightly  yellowish 
brown  in  color.  The  sulphuric  and  phosphoric  acids  were  pre- 
cipitated with  barium  hydroxide  and  the  inosite  isolated  in  the 
umial  way.  Unfortimately  a  portion  of  the  solution  was  lost  but 
from  what  remained  0.15  gram  inosite  was  obtained.  After  twice 
recrystallizing  from  dilute  alcohol  with  addition  of  ether,  0.12  gram 
of  inosite  in  the  characteristic  needle-shax)ed  crystals  was  obtained. 
It  gave  the  reaction  of  Scherer  and  melted  at  222^  C.  (uncorrected). 
After  mixing  with  some  previously  isolated  and  analyzed  inosite 
the  melting  point  did  not  change.  The  substance  was  therefore 
undoubtedly  inosite  and  the  analysis  was  omitted* 
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Although  the  barium  salts  described  in  this  paper  were  amor- 
phous and  the  inosite  triphosphoric  acid  itself  was  a  non-crystaUiaable 
syrup  we  believe  that  the  substances  were  pure.  The  basis  for  this 
beUef  rests  upon  the  fact  that  they  had  been  prepared  from  the 
recrystallized  strychnine  salt  which  appeared  perfectly  homogeneous. 

We  have  been  imable  to  complete  the  investigation  of  the  water- 
soluble  portion  of  the  barium  salt  mentioned  on  page  7.  We 
wish,  however,  to  record  the  following  data  although  it  k  very 
incomplete. 

After  the  aqueous  solution  had  been  precipitated  with  barium 
hydroxide,  as  already  mentioned,  the  precipitate  was  filtered  and 
washed  in  water.  It  was  then  dissolved  in  the  minimum  quantity 
of  about  2  per  ct.  hydrochloric  acid,  filtered  and  precipitated  with 
about  an  equal  volume  of  alcohol.  The  voluminous  amorphous 
precipitate  was  filtered  and  washed  free  of  chlorides  with  dilute 
alcohol  and  then  in  absolute  alcohol  and  ether  and  dried  in  vacumn 
over  sulphuric  acid.    The  dry  substance  weighed  38  grams. 

It  was  again  rubbed  up  in  a  mortar  with  about  200  c.c.  of  cold 
water,  allowed  to  stand  a  short  while  and  then  filtered,  washed  in 
water,  alcohol  and  ether  and  dried  in  vacuum  over  sulphuric  acid. 
The  water-insoluble  portion  weighed  10.3  grams. 

The  filtrate  was  concentrated  in  vacuum  at  a  temperature  of 
40®  C.  to  about  100  c.c.  As  the  concentration  proceeded  a  small 
quantity  of  a  heavy  white  barium  salt  separated.  It  was  not 
definitely  crystalline  and  it  only  weighed  0.9  gram.  The  aqueous 
solution,  about  100  c.c,  contained  therefore  about  27  grams  of  the 
original  substance.  It  was  found  impossible  to  obtain  anything 
crystalline  from  this  solution.  However,  on  heating  to  boiling 
a  heavy  semi-crystalline  or  granular  powder  separated.  This  was 
filtered  and  washed  in  hot  water,  alcohol  and  ether  and  dried  in 
the  air.     It  weighed  1.7  grams. 

The  filtrate  from  above  was  precipitated  by  adding  about  half 
a  volume  of  alcohol.  The  amorphous,  white  precipitate  was  filtered, 
washed  and  dried  in  vacuum  over  sulphuric  acid. 

A  further  quantity  of  substance  was  obtained  by  adding  more 
alcohol  to  the  filtrate  which  was  likewise  filtered,  washed  and  dried. 

These  three  fractions  were  analyzed  after  drying  at  105®  in 
vacumn  over  phosphorus  pentoxide. 

The  semi-crystalline  or  granular  substance  gave  the  following: 

C  =  10.14;  H  =  1.90;  P  =  13.18;  Ba  =  39.60;  H2O  ==  12.11  per  ct 

These  results  agree  very  closely  with  a  dibarium  salt  of  inosite 
triphosphate: 

For  CcHiiOitPjBaa. 

Calculated:  C  =  10.41;  H  =  1.59;  P  =  13.45;  Ba  =  39.79  per  ct. 

The  first  amorphous  precipitate  gave: 

C  =  12.07;  H  =  2.30;  P  =  13.93;  Ba  =  33.70  per  ct. 


w 
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The  second  amorphous  precipitate  gave: 

C  =  13.64;  H  =  2.74;  P  =  13.32;  Ba  =  32.38  per  ct. 

Lack  of  time  has  prevented  the  further  examination  of  these 
substances  but  we  hope  to  complete  the  investigation  later. 

From  the  results  recorded  it  is  evident  that  the  organic  phos- 
phoric acids  contained  in  the  preparation  used  in  this  investigation 
consisted  principally  of  inosite  triphosphoric  acid.  Tlie  amorphous 
barium  s^Jts  analyzed  above  may  have  contained  some  inosite  di- 
phosphoric  acid  or  some  other  organic  phosphoric  acid.  In  addition 
to  the  above  it  must  be  noted  that  some  inosite  monophosphate 
described  in  an  earlier  paper  had  been  isolated  from  this  same  wheat 
bran. 

The  author  desires  to  express  his  appreciation  and  thanks  to 
His  Excellency  Prof.  E.  Fischer  for  the  interest  shown  in  the  work 
reported  in  this  paper. 


n.    THE  HYDROLYSIS   OF   PHYTIN   BY   THE   ENZYME 
PHYTASE  CONTAINED  IN  WHEAT  BRAN.* 

(Twelfth  paper  on  phytin.) 
INTRODUCTION. 

It  has  been  shown  by  the  investigations  of  Suzuki,  Yoshimura 
and  Takaishi  ^  that  rice  bran  contains  an  enzyme  which  rapidly 
hydrolyzes  phytin  with  formation  of  inosite  and  inorganic  phosphoric 
acid.  These  authors  concluded  that  wheat  bran  likewise  contain^ 
a  similar  enzyme  because  the  inorganic  phosphorus  increased  in 
wheat  bran  extracts  on  standing. 

PUmmer  ^  examined  a  large  number  of  extracts  prepared  from  the 
intestines,  liver,  pancreas,  castor  beans,  etc.,  as  to  their  action  on 
organic  phosphorus  compounds.  While  some  of  these  showed  a 
dight  cleavage  action  on  phytin,  none  could  be  compared  in  activity 
to  an  aqueous  extract  of  wheat  bran.  The  hydrolytic  action  of  these 
extracts  was  determined  by  estimating  from  time  to  time  the  amount 
<rf  inorganic  phosphorus  split  off  from  phytin  solutions  of  known 
concentration. 

Since  the  above  experiments  clearly  demonstrated  that  large  quan- 
tities of  inorganic  phosphate  were  liberated  from  phytin  by  wheat 
bran  extracts,  it  appeared  of  interest  to  determine  what  products, 
in  addition  to  inosite  and  inorganic  phosphoric  acid,  were  formed 
under  these  conditions.    For  this  purpose  wheat  bran  extract  was 

*The  work  reported  in  this  paper  was  carried  out  in  the  Ludwig  Mond  Bio- 
chemical Reeearch  Laboratory  of  the  Institute  of  Physiology,  University  College, 
London. 

» BiM,  CoU.  Agric.  Tokyo,  7:60a^l2.    1907. 

^Biochem,  Joum.  7:43, 1913. 
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allowed  to  act  upon  a  dilute  solution  of  ph3rtin  at  a  temperature  of 
ZT.  Inorganic  phosphoric  acid  was  determined  in  the  solution  from 
time  to  time. 

It  was  found  that  about  two-thirds  of  the  total  phosphorus  was 
split  off  during  the  first  16  days.  Afterwards  there  was  no  appreci- 
able change  even  on  standing  for  about  two  years. 

The  solution  had  been  prepared  and  the  original  determinations 
made  by  Dr.  Plimmer.  At  his  suggestion  the  writer  undertook  to 
examine  the  final  reaction  mixture  for  such  products  as  had  been 
formed. 

These  products  were  separated  into  two  portions  by  precipitating 
the  original  solution  with  barium  hydroxide.  The  precipitate  con- 
tained inorganic  barium  phosphate,  and  also  those  barium  salts  of 
organic  phosphoric  acids  that  were  insoluble  in  the  dilute  alkaline 
solution.  The  filtrate  on  the  other  hand  was  found  to  contain  in- 
osite  monophosphoric  acid  and  free  inosite. 

The  morganic  phosphate  and  other  impurities  were  removed  from 
the  crude  barium  hydroxide  precipitate  as  will  be  described  in  the 
experimental  part.  The  organic  phosphoric  acids  which  remained 
were  obtahxed  as  amorphous  barium  salts.  It  was  impossible  to 
isolate  any  unchanged  barium  phytate.  It  is  evident  then  that  all 
of  the  phytin  had  been  partially  hydrolyzed. 

The  above  amorphous  substance  appeared  to  consist  mainly  of 
barium  inosite  triphosphate,  but  probably  mixed  with  some  barium 
inosite  diphosphate.  Owing  to  the  difficulty  of  separating  these 
compoimds  their  isolation  was  not  attempted. 

Among  the  soluble  substances  which  had  been  formed  we  ware 
able  to  isolate  and  identify  inosite  monophosphoric  acid,  a  substance 
which  we  have  previously  isolated  from  wheat  bran.*  In  addition 
to  this,  the  solution  also  contained  some  free  inosite  which  was 
isolated  by  means  of  its  lead  compound. 

The  action  of  this  enzyme  phytase  upon  phytin  appears  to  proceed 
in  several  stages.  Only  a  portion  of  the  phytin  is  completely  de- 
composed into  inosite  and  phosphoric  acid,  but  all  of  the  phytin  is 
partially  hydrolyzed  with  formation  of  certain  lower  phosphoric  acid 
esters  of  inosite,  viz.,  inosite  tri-,  di-  and  monophosphoric  acid  and 
inorganic  phosphoric  acid.  The  formation  of  these  intermediate 
products  is  only  possible  through  the  destruction  or  inhibition  of  the 
enzyme  before  the  hydrolysis  is  complete.  The  reason  for  this  in- 
hibition is  not  clear  but  it  may  be  due  to  the  excess  of  phosphoric 
acid  which  is  liberated. 

It  is  interesting  to  note,  and  we  call  particular  attention  to  the 
fact,  that  the  organic  phosphoric  acids  which  remain  as  intermediate 
products  of  the  action  of  the  enzyme  upon  phytin,  viz.,  inosite  tri- 
phosphoric acid  and  inosite  monophosphoric  acid,  are  identical  with 

*  Joum.  Biol,  Chem.  18:441,  1914;  and  N.  Y.  Agrl.  Exp.  Sta.  Tech.  Bull.  36,  1914. 
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the  substances  which  we  have  isolated  previously  from  wheat  bran 
after  it  has  been  digested  in  0.2  per  ct.  hydrochloric  acid. 

EXPERIMENTAL  PART. 

Commercial  phytin,  100  grams',  was  dissolved  in  500  c.c.  of  water 
and  filtered  from  the  insoluble  matter  which  weighed  3.5  grams  when 
dried  at  100^.  The  pale  yellow  solution  was  treated  with  38  grams  of 
oxalic  acid  dissolved  in  about  250  c.c.  of  water.  The  calcium  oxalate 
was  filtered  ofif,  washed  and  dried.  It  weighed  48  grams.  The  solution 
was  diluted  to  6000  c.c.  with  water  and  was  then  found  to  contain 
40  grams  of  phosphorus  pentoxide.  To  it  were  added  800  c.c.  of  an 
aqueous  extract  of  wheat  bran  which  contained  2.2  grams  of  P2O6. 
The  solution  was  kept  under  toluol  at  a  temperature  of  37°.  No 
hydrolysis  occmred  in  a  week.  This  was  evidently  due  to  the  strong 
acid  reaction  of  the  solution.  It  was  nearly  neutralized  with  ammonia 
and  735  c.c.  of  bran  extract  containing  1.53  grams  of  P2O6  were  added. 
It  was  again  kept  at  a  temperature  of  37°  under  toluol.  In  9  days 
one-half  of  the  total  phosphorus  was  hydrolyzed;  in  16  days  two- 
Uiirds  was  hydrolyzed.  In  35  days  the  amount  of  hydrolysis  had 
not  altered  and  after  about  two  years  it  was  again  the  same.  The 
total  and  inorganic  phosphorus  was  determined  as  described  by 
Plimmer  and  Page.^ 

The  dark-colored  solution  was  filtered  and  barium  hydroxide 
(Eahlbaum)  added  in  slight  excess.  After  standing  over  night  the 
precipitate  was  filtered  and  washed  in  water.  The  filtrate  and 
washjugs  were  evaporated  on  the  water  bath  and  the  residue  was 
examined  as  will  be  described  later. 

The  barium  precipitate  was  dissolved  in  about  2.5  per  ct.  hydro- 
chloric acid,  filtered,  and  precipitated  by  adding  about  an  equal 
volume  of  alcohol.  The  precipitate  was  filtered  and  washed  in  dilute 
alodiol.  The  substance  was  again  precipitated  four  times  in  the 
same  way.  It  was  then  precipitated  by  barium  hydroxide  three 
times  from  about  2  per  ct.  hydrochloric  acid  and  finally  two 
times  more  with  alcohol  from  the  same  strength  hydrochloric  acid. 
After  the  final  filtering  it  was  washed  free  of  chlorides  in  dilute 
aloobcd  and  then  in  iJcohol  and  ether  and  dried  in  vacuum  over 
sulphuric  acid.  The  substance  was  then  a  snow-white,  amor- 
phous powder.  It  weighed  28.4  grams.  It  was  free  from  chlorides 
and  inorganic  phosphate,  and  bases  other  than  barium  could  not  be 
detected. 

The  substance  was  then  rubbed  up  in  a  mortar  with  300  c.c.  of 
cold  water  and  allowed  to  stand  witix  occasional  shaking  for  a  few 
hours.  It  was  then  filtered  and  washed  in  water,  alcohol  and  ether, 
and  dried  in  vacuum  over  sulphuric  acid.  The  dry  water-insoluble 
portion  weighed  5.4  grams. 

•Bictkem,  Joum.  7:102, 1913. 
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The  filtrate  from  above  was  neutralized  to  litmus  with  barium 
hydroxide.  The  precipitate  was  filtered  and  washed  in  water,  alco- 
hol and  ether  and  dried  in  vacuum  over  sulphuric  acid.  It  Wieighed 
23.6  grams. 

These  precipitates  were  analyzed  after  drying  at  105^  in  vacuum 
over  phosphorus  pentoxide. 

The  first,  water-insoluble  portion,  gave  the  following  result: 

Found:    C5=11.46  :    H=1.93;    P=11.59;    BaF=39.94  per  ct. 

This  substance  is  apparently  largely  composed  of  the  di-barium 
inosite  triphosphate;  calculated  for  this,  C6HiiOi6PsBatf=690. 

C=10.43;  H-1.59;  P=13.47;  Ba=39.71  per  ct.  It  is,  however,  not 
pure  but  apparently  contains  some  barium  inosite  diphosphate 
because  the  carbon  is  high  and  the  phosphorus  is  low. 

The  water-soluble  substance  which  was  precipitated  with  bariimoi 
hydroxide  gave  the  following: 

Found:  C=9.63;  H=1.63;  P=10.91;  BaF=47.41  per  ct. 

This  substance  also  appears  to  consist  largely  of  the  neutral 
barium  salt  of  inosite  triphosphate.  Calculated  for  the  latter 
C«H90i6P8Ba«=826.  C=8.71;  H=1.08;  P=11.25;  BaF=49.88  per  ct. 
The  carbon  however  is  high  and  the  phosphorus  as  well  as  barium 
are  low  which  points'  to  the  presence  of  barium  inosite  di-phosphate. 

In  the  hope  of  approximately  separating  these  barium  inosite 
tri-  and  diphosphates,  the  substance,  23.6  grams,  was  digested  in 
dilute  acetic  acid  for  sev^al  hours  with  occasional  shaking.  It  was 
then  filtered  and  washed  in  water  and  the  insoluble  portion  dried  in 
vacuum  over  sulphuric  acid.     It  weighed  10  grams. 

The  filtrate  and  washings  containing  the  soluble  portion  of  the 
substance  was  precipitated  by  adding  lead  acetate  in  excess.  After 
standing  over  night  the  white,  amorphous  precipitate  was  filtered 
and  wa^ed  in  water.  It  was  suspended  in  water  and  decomiKised 
by  hydrogen  sulphide,  filtered,  and  the  excess  of  hydrogen  sulphide 
boiled  off.  It  was  again  precipitated  in  the  same  manner  with  lead 
acetate  and  decomposed  with  hydrogen  sulphide.  The  solution 
still  contained  a  considerable  quantity  of  barium.  The  barium 
was  therefore  removed  with  a  slight  excess  of  dilute  sulphuric  acid. 
After  filtering  off  the  barium  sulphate  the  solution  was  precipitated 
by  adding  copper  acetate  in  excess.  The  copper  precipitate  was 
filtered,  washed  and  suspended  in  water  and  decomposed  with 
hydrogen  sulphide.  After  removing  the  copper  sulphide,  the  filtrate 
was  evaporated  in  vacuum  to  small  bulk  and  finally  dried  in  vacuum 
over  sulphuric  acid.  There  remained  a  thick,  nearly  colorless  syrup. 
It  was  readily  soluble  in  alcohol.  The  addition  of  chloroform  to 
this  solution  caused  the  substance  to  separate  in  small  oily  drops; 
the  addition  of  ether  produced  a  cloudiness,  and  on  standing  a 
flocculent,  amorphous  precipitate  separated.  These  solutions  could 
not  be  brought  to  crystallize.    The  acid  preparation  itself  was  kept 
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for  sev^al  weeks  in  the  desiccator  over  sulphuric  acid.  It  became 
a  hard  but  sticky  mass  but  showed  absolutely  no  tendency  to 
crystallize.  Kept  in  this  manner  the  color  of  the  preparation 
gradually  darkened. 

Since  the  acid  would  not  crystallize,  the  syrupy  substance  was 
analyzed  after  drying  at  105°  in  vacuum  over  phosphorus  pentoxide. 

Found:  0=18.58;  H=3.82;  P=20.38  per  ct. 
For  inosite  triphosphoric  acid,  C6Hi6Oi6P3=420 
Calculated:    0=17.14;  H^.57;  P=22.14  per  ct. 
For  inosite  diphosphoric  acid,  O6Hi4Oi2P3=340 
Calculated:    0=21.17;  H=4.11;  P=18.23  per  ct. 

This  acid  preparation  is  evidently  also  a  mixture  of  the  inosite 
tri-  and  diphosphoric  acids. 

SXAHINATION  OF  THE  FILTRATE  AFTER  THE  WATER-INSOLUBLE 
BARIUM  SALTS  HAD  BEEN   PRECIPITATED. 

The  filtrate  was  evaporated,  as  mentioned  on  p.  15  and  the  residue 
taken  up  in  hot  water.  It  was  decolorized  with  animal  charcoal. 
The  solution  was  neutral  in  reaction.  It  strongly  reduced  Fehling's 
solution  on  boiling  —  possibly  due  to  sugars  introduced  with  the 
bran  extract.  The  solution  was  found  to  contain  barium  and  also 
phosphorus  in  organic  combination  —  evidently  inosite  monophos- 
phate. The  aqueous  solution  was  precipitated  by  adding  about  an 
equal  volume  of  alcohol  and  the  white,  amorphous  precipitate  filtered 
off  —  the  filtrate  being  reserved  for  further  examination. 

luilatUm  of  inodte  monophosphate, —  The  above  precipitate,  which 
formed  on  the  addition  of  alcohol,  was  dissolved  in  water,  slightly 
acidified  with  acetic  acid,  and  then  precipitated  with  lead  acetate  in 
excess.  After  settling,  this  was  filtered,  washed  in  water  and  sus- 
pended in  hot  water  and  decomposed  with  hydrogen  sulphide.  It 
was  then  filtered  and  the  filtrate  boiled  to  expel  excess  of  hydrogen 
sulphide.  It  was  re-precipitated  several  times  with  lead  acetate 
in  l^e  same  manner  until  a  white  lead  precipitate  was  obtained. 
This  was  finally  decomposed  with  hydrogen  sulphide,  filtered,  and 
evaporated  to  small  bulk  in  vacuum  and  then  dried  in  vacuum  over 
sulphuric  acid  until  a  thick  syrup  remained.  On  scratching  with 
a  i^ass  rod,  this  crystallized  to  a  white  solid  mass.  It  was  digested 
in  alcohol  and  filtered,  washed  in  alcohol  and  ether,  and  dried  in  the 
air.  It  weighed  1.6  grams.  It  had  all  the  properties  of  inosite 
monophosphate.  For  further  purification  it  was  dissolved  in  a  few 
cc  of  water  and  filtered.  Alcohol  was  then  added  until  the  solution 
tinned  cloudy;  it  was  heated  until  it  cleared  up  and  more  alcohol 
was  added  until  a  faint  permanent  cloudiness  remained.  It  was 
allowed  to  stand  for  about  48  hours  at  room  temperature,  when  the 
substance  had  separated  in  massive,  practically  colorless  crystals. 
After  filtering,  washing  in  alcohol  and  ether,  and  dr3ring  in  the  air, 
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1  gram  substance  was  obtained.  When  heated  in  a  capillary  tube 
it  began  to  soften  at  188^-189^  and  melted  under  decomposition 
and  effervescence  at  190^  C.  (uncorrected).  The  appearance  and 
properties  of  the  substance  corresponded  exactly  with  those  de- 
scribed for  inodte  monophosphate  and  the  analysis  was  therefore 
omitted. 

Isolation  of  inodte. —  The  filtrate,  after  precipitating  the  above 
barium  salt  of  inosite  monophosphate  with  alcohol,  was  evaporated 
on  the  water-bath  imtil  the  alcohol  was  removed.  It  still  contained 
barium,  chlorides,  etc.  The  barium  was  quantitatively  precipitated 
with  dilute  sulphuric  acid  and  the  solution  again  concentrated  on 
the  water-bath. 

The  addition  of  lead  acetate  caused  no  precipitate.  Basic  lead 
acetate  was  then  added  so  long  as  any  precipitate  formed.  This 
precipitate  was  filtered  off  and  discarded.  The  solution  was  then 
heat^  to  boiling  and  more  basic  lead  acetate  added  and  the  solution 
was  finally  made  strongly  alkaline  with  ammonia  and  allowed  to 
stand  over  night.  This  precipitate  was  filtered  and  washed  in  wat^ 
and  then  decomposed  in  aqueous  suspension  with  hydrogen  sulphide. 
The  filtrate  was  concentrated  on  the  water-bath  and  the  inosite 
brought  to  crystallization  by  the  addition  of  alcohol.  After  re- 
crystallizing  several  times  0.5  gram  of  pure  inosite  was  obtained  in 
the  characteristic  needle-shaped  crystals.  It  gave  the  leaotioQ  of 
Scherer  and  melted  at  218^  C.  (imcorrected). 


m.    THE  HYDROLYSIS  OP  THE  ORGANIC  PHOSPHORUS 

COMPOUND  OF  WHEAT  BRAN  BY  THE 

ENZYME  PHYTASE.* 

(Thirteenth  paper  on  phytin.) 
INTRODUCTION. 

In  several  previous  papers^  on  the  subject  of  the  organic  iribo&- 
phoric  acid  compoimds  of  wheat  bran  we  have  mentioned  that  when 
wheat  bran  is  digested  in  0.2  per  ct.  hydrochloric  acid,  the  resulting 
extract  always  contains  relatively  large  quantities  of  inorganic  phos- 
phate. Up  to  the  present  we  have  had  no  data  concerning  the 
origin  of  this  inoi^anic  phosphate  and  it  remained  to  determine 
whether  it  was  ori^nally  present  in  the  bran  or  if  it  had  been  formed 
during  tiie  digestion  by  hydrolysis  from  the  organic  phoqdiorus 
compoimd. 

*The  work  reported  in  this  paper  was  carried  out  in  the  Ludwig  Mood  Bio- 
chemical Research  Laboratory  of  the  Institute  of  Physiology,  Univeni^  CoUege^ 
London. 

>  Joum,  Biol.  Chan,  12:447,  1912;  18:425,  1914;  and  N.  Y.  Agrl.  Ezpt.  8ta.Tech. 
BuU.  22  and  36. 
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Hart  and  Andrews,'  who  examined  wheat  bran  as  well  as  a  large 
number  of  other  feeding  materials,  came  to  the  conclusion  that  the 
phosphorus  was  present  almost  entirely  in  organic  combination. 
Some  criticism,  however,  has  been  offered  of  their  method  of  esti- 
mating inorganic  phosphorus  and  it  has  been  suggested  that  the 
time,  15  minutes,  which  they  allowed  for  digestion  was  not  sufficient 
for  complete  extraction.' 

From  the  work  of  Suzuki,  Yoshimura  and  Takaishi  ^  and  of  Plim- 
mer*  it  is  evident  that  wheat  bran  contains  an  enzyme  which  rapidly 
hydrolyzes  a  portion  of  the  organic  phosphorus  into  inorganic  phos- 
phoric acid.  The  quantitative  determinations  of  the  activity  of  this 
enzyme  on  phytin  or  inosite  hexaphosphate  reported  in  the  preceding 
paper  shows  that  some  two-thirds  of  the  total  phosphorus  of  the 
phytin  was  eliminated  as  inorganic  phosphoric  acid  in  about  16  dayp. 
Since  a  small  quantity  of  wheat  bran  extract  is  capable  of  hydro- 
lyzing  phytin  to  such  an  extent,  it  is  evident  that  the  organic  phos- 
phoric acid  compound  originally  present  in  the  bran  would  also  be 
hydrolyzed  on  digestion  under  the  same  conditions. 

The  determinations  herein  reported  were  undertaken  in  the  hope 
of  throwing  some  light  upon  this  question.  It  was  also  hoped  to 
determine  the  cause  of  the  large  percentage  of  inorganic  phosphoric 
acid  in  extracts  obtained  on  digesting  wheat  bran  in  0.2  per  ct. 
hydrochloric  add. 

The  results  show  that  the  enzyme  phytase  contained  in  the  wheat 
bran  very  rapidly  hydrolyzes  the  organic  phosphorus  compound  of 
the  bran  into  inorganic  phosphoric  acid  under  certain  conditions. 
We  have  endeavoured  to  determine  under  what  conditions  the  maxi- 
mum activity  of  the  enzyme  manifests  itself  and  also  the  conditions 
under  which  its  action  is  cither  inhibited  or  destroyed. 

When  wheat  bran  is  digested  in  distilled  water  the  hydrolysis 
begins  at  once  and  proceeds  with  considerable  rapidity,  and  at  the 
end  of  24  hours  nearly  90  per  ct.  of  the  total  waternaoluble  phospho- 
rus is  inorganic.  The  organic  and  inorganic  phosphates  of  the  bran 
are  only  partially  soluble  in  the  water,  and  when  the  extracts,  after 
digesting  tlie  bran  for  24  hours  in  water,  are  acidified  with  hydro- 
chloric acid,  then  only  some  60  per  ct.  of  the  total  dissolved  phos- 
phorus compoimds  are  morganic.  (See  Table  II).  This  result  is 
not  perceptibly  altered  by  digesting  the  bran  in  water  for  48  hours 
and  then  acidifying.     (See  Table  III.) 

When  the  bran  is  digested  in  0.2  per  ct.  hydrochloric  acid  the  rate 
of  hydrolysis  is  greater  than  with  pure  water.  The  actual  amounts 
of  both  organic  and  morganic  phosphorus  are  greater  in  the  dilute  acid 
than  in  the  aqueous  extracts.    After  3  hours  about  one-third  of  the 

>  N.  Y.  Agrl.  Ezpt.  Sta.  BuU.  238,  1903. 

<  Ohio  Agrl.  Expt.  Sta.  BuU.  215. 

^BvU.  CM.  Agric.  Tokyo,  1907,  7:503-512,  1907. 

^Biochan.  Joum.  7:43,  1913. 
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total  phosphorus  is  inorganic  and  after  24  hours  about  three-quarters 
of  the  total  soluble  phosphorus  has  been  hydrolyzed  to  inoi^anic 
phosphoric  acid,  as  is  shown  in  Table  V. 

With  0.2  per  ct.  acetic  acid  the  hydrolysis  is  more  rapid  and  more 
complete  than  with  0.2  per  ct.  hydrochloric  acid,  85  per  ct.  in  24  hours 
(Table  VII)  and  the  most  complete  hydrolysis  was  obtained  with  0.1 
per  ct.  hydrochloric  acid,  namely,  92  per  ct.     (Table  VIII.) 

That  the  hydrolysis  of  the  organic  phosphorus  compound  is  due 
to  enzyme  action  and  not  to  the  acid  employed  is  strikingly  illustrated 
by  the  fact  that  with  increasing  strengths  of  the  hydrochloric  acid  the 
amount  of  inorganic  phosphorus  rapidly  and  steadily  diminishes.  But 
when  0.5,  1.0  or  2.0  per  ct.  hydrochloric  acid  is  used,  the  inorganic 
phosphorus  is  practically  constant.     (Table  V.) 

The  enzyme  is  remarkably  sensitive  to  certain  concentrations  of 
hydrochloric  acid.  The  hydrolyzing  action  is  stimulated  by  the  pres- 
ence of  0.1  or  0.2  per  ct.  hydrochloric  acid  much  above  that  of  pure 
water,  but  0.3  per  ct.  almiost  inhibits  the  enzyme  activity.  With  the 
0.1  per  ct.  acid  92  per  ct.  and  with  the  0.2  per  ct.  acid  76  per  ct.  of  the 
total  phosphorus  is  inorganic,  but  with  0.3  per  ct.  acid  only  about  20 
per  ct.  of  the  total  phosphorus  is  inorganic.   (See  Tables  V  and  VIII.) 

Since  such  a  sli^t  difference  in  strength  of  the  hydrochloric  acid 
caused  such  a  great  difference  in  the  amount  of  the  inorganic  phos- 
phorus, it  appeared  of  interest  to  determine  whether  the  acid  merely 
inhibited  the  hydrolysis  or  if  the  enzyme  was  destroyed  by  it.  Some 
of  the  bran  was  digested  in  0.5  per  ct.  hydrochloric  acid  for  IJ  hours 
and  the  acid  then  nearly  neutralized  with  ammonia  and  the  whole 
allowed  to  digest  for  24  hours.  In  this  case  there  was  no  increase 
in  the  inorganic  phosphorus,  showing  that  hydrochloric  acid  of  this 
strength  completely  destroys  the  enzyme.     (Table  X.) 

The  enzyme  is  also  destroyed  by  digesting  the  bran  in  0.26  per  ct. 
ammonia,  as  well  as  by  pouring  boiling  water  or  boiling  0.2  per  ct. 
hydrochloric  acid  over  the  bran.     (Tables  X  and  IX.) 

Concerning  the  amount  of  inorganic  phosphorus  in  wheat  bran,  it 
is  evident,  judging  by  the  results  obtained  with  0.5,  1.0  and  2.0  per 
ct.  hydrochloric  acid  as  well  as  on  treating  bran  with  boiling  water 
or  boiling  0.2  per  ct.  hydrochloric  acid  with  0.25  per  ct.  ammonia, 
that  ordinary  bran  contains  about  0.1  per  ct.  of  phosphorus  as  in- 
organic, which  represents  about  11  per  ct.  of  the  total  soluble  phos- 
phorus. It  seems  quite  certain  that  imder  these  conditions  of  ex- 
traction no  hydrolysis  of  the  organic  phosphorus  occurs,  and  we 
believe  that  tliese  figures  represent  the  amount  of  inorganic  phos- 
phorus normally  present  in  wheat  bran. 

These  results  are  not  at  variance  with  the  findings  of  Hart  and 
Andrews.*  After  digesting  bran  in  1.0  per  ct.  hydrochloric  add  for 
40  hours,  they  found  0.087  per  ct.  of  inorganic  phosphorus  in  the 
extract.    This  is  practically  the  same  as  our  results,  0.081  per  ct. 

*  Loc.  cit. 
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inorganic  phosphorus,  after  digesting  bran  for  5  hours  in  1.0  per  ct. 
hydrochloric  acid.  The  same  authors  found  only  0.036  per  ct.  in- 
organic phosphorus  in  wheat  bran  after  digesting  in  0.2  per  ct.  hy- 
drochloric acid  for  15  minutes.  The  lower  percentage  is  no  doubt 
due  to  incomplete  extraction  and  we  believe  that  the  higher  figures 
represent  the  actual  amount  present. 

EXPERIMENTAL  PART. 

Total  and  inorganic  phosphorus  were  determined  in  extracts  pre- 
pared from  wheat  bran.  The  extracts  were  prepared  by  digesting 
wheat  bran  in  water  or  dilute  acid  for  varying  lengths  of  time;  the 
particulars  and  details  being  given  at  the  beginning  of  each  table. 
Total  phosphorus  was  determined  after  decomposing  by  the  Neu- 
mann method.  Inorganic  phosphorus  was  determined  as  follows: 
The  extract  was  diluted  with  some  50  e.c.  of  water,  15  grams  of 
ammonium  nitrate  were  added  and  then  warmed  to  65^  on  tibe  water 
bath.  It  was  then  strongly  acidified  with  nitric  acid  and  the  phos- 
phorus precipitated  with  ammonium  molybdate  and  the  solution 
kept  at  the  above  temperature  for  half  an  hour.  '  Under  these  con- 
ditions there  is  no  danger  of  cleavage  of  the  organic  phosphorus  — 
at  least  weighable  quantities  of  phosphorus  are  not  precipitated 
during  this  time  from  preparations  which  are  free  from  inorganic 
phosphate.  Plimmer^  has  also  shown  that  it  is  necessary  to  heat 
phytin  solutions  with  ?  or  ?-  nitric  acid  for  several  hours  to  a 
temperature  of  75°  or  higher  before  appreciable  quantities  of  inor- 
ganic phosphorus  are  split  off. 

The  phosphomolybdate  precipitate  was  then  filtered  off  and  the 
phosphorus  determined  as  magnesium  pyrophosphate  in  the  usual  way. 

The  digestions  were  made  throughout  these  experiments  at  room 
temperature,  about  16°  C. 

Ten  grains  of  the  bran  were  digested  in  100  c.c.  of  water  for  the 
time  mentioned  and  then  filtered  and  20  c.c.  used  for  each  determinar 
tion.    The  same  quantities  were  used  throughout. 


Tabls  I. —  Chanoxb  in  Condition  of  Phospbdbub  in  Wheat  Bran  bt  Water 

Digestion. 

Timp. 

Total 
phoephorus 
in  extract. 

Inorganic 

phosphorus 

in  extract. 

Part  of  total 
phosphorus  in 
inorganic  form. 

i  hour 

Peret. 
0.362 
0.420 
0.508 
0.655 
0.747 

Perd, 
0.165 
0.239 
0.383 
0.576 
0.660 

Perd. 
45.77 

1    «    

56  95 

4    "    

75.34 

20    «    

88  00 

24    «    

88  43 

'  BiwAem.  Joum.  7:72,  1913. 
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It  will  be  noticed  that  the  hydrolysis  is  greatest  during  the  first 
four  hours.  The  percentage  of  phosphorus  represents  only  that 
amount  which  was  soluble  in  the  water. 

After  digesting  in  water  for  24  hours  and  then  acidifying  with 
hydrochloric  acid  and  shaking  for  half  an  hour  the  following  results 
were  obtained: 


Table  II. —  Changes  in 

Condition  op  Fhosphobub  in  Wheat  Bran  Aftbb  Waivb 
Digestion  and  Acioiftino. 

Time. 

Total 
phosphorus 
in  extract. 

Inorganic 
phosphorus 
in  extmct. 

Part  of  total 

phosphorus  in 

inorganio  fonn. 

24  houra 

Perct, 
1.06 

PercL 
0.649 

PereL 
60.85 

After  digesting  the  bran  for  48  hours  in  water  and  then  adding 
100  c.c.  of  2  per  ct.  hydrochloric  acid  and  allowing  to  stand  for 
another  24  hours,  the  following  results  were  obtained: 

Table  III. —  Changes  in  Condition  of  Phosphobus  in  Wheat  Bban  Afteb  Watbb 

Digestion,  Acidifting  and  Standing. 


Time. 

Total 
phosphorus 
in  extract. 

Inorganic 
phosphorus 
in  extract. 

Part  of  total 
phosphorus  in 
inorganic  form. 

Hrs, 
48  in  water,  24  in  weak  acid. . 
48  in  water,  24  in  weak  acid. . 

Perct, 
1.27 
1.28 

Perct. 
0.803 
0.796 

Perct. 
62.79 
62.13 

The  addition  of  toluol  to  the  water  appears  to  diminish  the  amount 
of  phosphorus  dissolved  without  affecting  the  degree  of  hydrolysis. 


Table  IV. —  Effect  of  Toluol  on  Htoboltsis  of  Phosphorus  Compouni»  nc 

Wheat  Bran. 

TiiDA:  with  toluol. 

Total 
phosphorus 
in  extract. 

Inorganic 
phosphorus 
in  extract. 

Fart  of  total 
phosphorus  in 
inorganic  form. 

Hr8, 
24 

Perct, 
0.618 

Perd. 
0.462 

PercL 
89.25 

Using  hydrochloric  acid  as  the  extracting  mediiun,  the  strength 
varying  from  0.2  to  2.0  per  ct.,  the  following  results  were  obtained: 
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10  grams  of  bran  were  digested  in  100  c.c.  of  the  acid  for  the  length 
of  time  mentioned  in  the  table.  It  was  then  filtered  and  20  c.c.  of 
the  filtrate  used  for  each  detennination. 

Tabub  v. — Efibct  of  Congbmtration  of  Acid  on  Htdboltbis  or  Phoaphobio 

AdD  Compound  in  Wheat  Bran. 


Solvent. 


HCl,  per  d. 

0.2 

0.2 

0.3 

0.4 

0.5 

1.0 

2.0 


Time. 


Hrs. 

3 

24 
24 
24 
20 

5 
30 


Total 
phosphorus 
in  6xtnct. 


Perd, 
1.130 
1.200 
0.999 
0.939 
0.922 
0.894 
1.080 


Inorganic 
phoephorus 
in  extract. 


Perd. 
0.415 
0.925 
0.203 
0.146 
0.124 
0.081 
0.117 


Part  of  total 
phoephoruB  in 
inorganic  form 


Perd, 
36.52 
76.87 
20.22 
15.61 
13.44 
9.13 
10.83 


The  presence  of  toluol  did  not  materially  alter  these  results.  Hy- 
drochloric acid,  0.5  per  ct.  after  20  hours,  with  toluol  gave  the  fol- 
lowing : 

Tabia  YI. —  Efvbgt  or  Toluol  on  Htdboltbis  of  Phobphobus  Compounds  in 

Wheat  Bran. 


Time:  with  HCl  and  toluol. 

Total 
phosphorus 
in  extract. 

Inorganic 
phosphorus 
in  extract. 

Part  of  total 

phosphorus  in 

inorgamc  form. 

J5ff«. 
20 

Perd. 
0.890 

Perd. 
0.117 

Perd. 
13.14 

When  the  bran  is  digested  in  dilute  acetic  acid  the  hydrolysis  is 
greater  than  with  the  same  strength  hydrochloric  acid,  as  shown  by 
the  following  results: — 

Tablb  Vn. —  Effbct  of  Agbtig  Acid  on  Htdboltsis  or  Phosphobic  Aoid  Com- 
pound in  Whbat  Bban. 


Solvent. 

Time. 

Total 
phosphorus 
in  extract. 

Inorgamc 
phosphorus 
in  extract. 

Part  of  total 
phosphorus  in 
inorgamc  form. 

Acetic  aeid,  per  d. 
0.2 

Hrs. 

3 

24 

Perd. 
1.21 
1.23 

Perd. 
0.695 
1.050 

Perd. 
57  03 

0.2 

85  54 

12 
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The  maximiim  activity  of  the  enzyme,  as  shown  by  the  greatest 
hydrolysis,  was  obtained  by  digesting  bran  for  48  hours  in  water 
and  then  adding  0.1  per  ct.  hydrochloric  acid  and  allowing  to  stand 
for  another  24  hours.  Ten  grams  of  bran  were  digested  in  100  c.c.  of 
water  for  48  hours  and  then  100  c.c.  of  0.2  per  ct.  hydrochloric  acid 
added.  After  standing  for  24  hours  more  it  was  filtered  and  20  c.c. 
of  the  filtrate  used  for  each  determination. 

Tabls  VIII. —  Maximum  Htoboltbis  or  Phosphoric  Acid  CoMPomrD  ik  Wheat 

Bban. 


Time. 

Total 

phoBphonu 

in  extract. 

Inorganic 
phosphorus 
in  extract. 

.   .. r- : 

Part  of  total 
phosphorus  in 
inorganic  form. 

Hrs. 

72 

Perd. 
1.24 

Perd. 
1.14 

Perd. 
92.37 

DESTRUCTION  OF  THE  ENZYME 


"  PHYTASS  "  BY  HEAT. 


As  is  shown  by  the  following  experiments  the  hydrolytic  action 
of  the  enzyme  is  completely  destroyed  when  bran  is  exposed  to  the 
action  of  boiling  water  or  boiling  dilute  hydrochloric  acid  for  a  short 
time.  Ten  grams  of  bran  were  placed  in  an  Erlenmeyer  flask  and 
100  c.c.  of  boiling  water  poured  over  it.  It  was  then  heated  for  a 
few  minutes  until  the  water  boiled.  It  was  allowed  to  digest  for  24 
hours  at  room  temperature.  Another  lot  of  bran  was  treated  in  the 
same  way  but  using  0.2  per  ct.  hydrochloric  acid  instead  of  water. 
The  resulting  extracts  could  not  be  filtered.  The  whole  was  therefore 
diluted  with  100  c.c.  of  2  per  ct.  hydrochloric  acid  and  allowed  to 
stand  a  few  minutes  to  settle.  Lots  of  20  c.c.  of  the  liquid  were 
then  taken  for  each  determination. 

Tabia  IX. —  EnscT  of  BoniNO  Watbb  or  Boiuno  Acid  on  Htdboltbis  or 

Phosphoric  Acm  Compoxtmd  in  Wheat  Bran. 


Solvent. 

Time. 

Total 
phosphorus 
in  extract. 

Inorganic 
phosphorus 
in  extract. 

Part  of  total 
phosphorua  in 
inorganic  form. 

Boiling  water 

Boiling  0.2%  HCl 

Hrs. 
24 
24 

Perd.  • 
0.886 
1.140 

Perd. 
0.108 
0.105 

Perd. 

12.66 

9.22 

The  hydrolytic  action  of  the  enzyme  is  likewise  destroyed  by  ex- 
posing bran  for  a  short  time  to  0.5  per  ct.  hydrochloric  acid  or  by 
digestmg  bran  in  dilute  ammonia.    Ten  grams  of  bran  were  dig^ted 


New  York  Agricultural  Experiment  Station. 


355 


in  100  C.C.  of  0.5  per  ct.  hydrochloric  acid  for  1}  hours.  The  acid 
was  then  nearly  neutraUzed  with  ammonia,  leaving  the  solution 
faintly  acid,  and  then  standing  for  24  hours.  Ten  grams  of  bran 
were  digested  in  100  c.c.  of  0.^  per  ct.  ammonia  for  24  hours.  It 
was  then  acidified  with  dilute  hydrochloric  acid. 

Tabim  X. —  Eftbct  ov  Stbono  Actd  and  or  Ammonia  on  Htdboltsis  ov 
FlBOflPHOBio  Acid  Ck)MPouND  in  Wheat  Bran. 


Solvent. 

Time. 

Total 
phoBphotui 
inexkact. 

Inorganic 
phosphorus 
inextraot. 

Part  of  total 

phosphorus  in 

inorganic  form. 

0.5%  HCl 

Hrs, 
24 
24 

Perd. 
0.661 
0.iri2 

Perd. 
0,116 
0.087 

PercL 
17  46 

0.25%  NHt 

0.51 

The  results  reported  in  this  and  the  preceding  paper  will  naturally 
chfuige  the  interpretation  of  our  previous  investigations  concerning 
the  nature  of  the  organic  phosphorus  compound  of  wheat  bran.  We 
have  heretofore  been  under  the  impression  that  the  substances  which 
we  have  isolated  from  wheat  bran,  after  digesting  in  0.2  per  ct. 
hydrochloric  acid,  represented  the  compounds  originally  present  in 
the  bran.  That  this  supposition  is  erroneous  is  evident,  since  the 
action  of  a  bran  extract  on  phytin  gives  rise  to  identical  compounds. 

A  consideration  of  the  r^ults  reported  in  Table  V  likewise  shows 
that  there  is  a  wide  difference  between  the  action  of  0.2  and  1.0  per 
ct.  hydrochloric  acid  on  bran.  In  the  first  case  the  extract  contains 
0.925  per  ct.  inorganic  phosphorus  and  in  the  second  only  0.081 
per  ct. 

These  facts  lead  to  the  conclusion  that  the  products  which  we 
have  previously  isolated  from  wheat  bran  represent  only  such  inter- 
mediate compounds  as  have  been  formed  by  the  action  of  the  enzyme 
phytase  upon  the  original  phytin  of  the  bran. 


IV.    CONCERNING  PHYTIN  IN  WHEAT  BRAN.* 

(Fourteenth  paper  on  phytin.) 
INTRODUCTION. 

It  has  been  shown  in  earlier  reports  ^  that  the  organic  phosphorus 
compounds  of  wheat  bran  which  have  been  isolated  after  digesting 

*The  work  reported  In  this  paper  was  carried  out  in  the  Ludwig  Mond  Bio- 
efaeinieal  Research  Laboratory  oi  the  Institute  of  Physiology,  University  College, 
Lmdon. 

^  Jcwrn.  Bud.  Chem.  12:447,  1912;  also  18:425,  1914;  and  N.  Y.  Agri.  Expt.  Sto. 
Tech.  Bun.  22  and  36. 


366      Report  of  the  Department  of  Chemistry  of  the 

the  bran  in  0.2  per  ct.  hydrochloric  acid  differ  in  composition  and 
properties  from  phytin  or  inosite  hexaphosphate.  It  has  been  found 
that  under  these  conditions  several  organic  phosphoric  acids  are 
obtained.  Of  these  we  have  isolated  and  identified  two,  viz.,  inosite 
monophosphoric  acid*  and  inosite  triphosphoric  acid.' 

Patten  and  Hart,^  who  first  investigated  the  phosphorus  com- 
pounds of  wheat  bran,  came  to  the  conclusion  that  the  organic  phos- 
phoric acid  in  bran  was  identical  with  phytic  acid  or  the  ''anhydro- 
oxymethylene  diphosphoric  acid"  of  Postemak.  These  authors  iso- 
lated the  acid  preparation  which  they  analyzed  after  digesting  the 
bran  in  0.2  per  ct.  hydrochloric  acid.  We  have  shown  conclusively, 
however,  that  when  wheat  bran  is  digested  in  this  strength  hydro- 
chloric acid,  the  orgamc  phosphorus  compoimds  finally  isolated  are 
entirely  different  in  composition  from  phytin  or  inosite  hexaphos- 
phate. 

By  the  same  method  as  above,  i.e,,  after  digesting  in  0.2  per  ct. 
hydrochloric  acid,  we  have  isolated  inosite  hexaphosphate  from  com,^ 
cottonseed  meal '  and  oats.'  All  of  these  preparations  were  found 
to  be  id^xtical  with  the  inodte  hexaphosphate  prepared  from  com- 
mercial phytin.* 

It  would  appear,  then,  as  if  wheat  bran  is  the  only  one  of  all  the 
various  plan^  and  seeds  examined  which  does  not  contain  inosite 
hexaphosphate.  Instead,  certain  lower  inosite  phosphoric  acids  ap- 
pear to  be  present.  It  seems  difficult  to  explain  why  wheat  bran 
should  contain  different  inosite  phosphoric  acids  from  other  plants. 

The  work  of  Suzuki,  Yoshimura  and  Takaishi^  and  of  Plinmier^ 
on  the  presence  of  an  enzyme  in  wheat  bran  which  rapidly  hydrolyzes 
phytin  with  formation  of  inorganic  phosphoric  acid,  particularly  in 
connection  with  the  two  preceding  investigations,  offered  a  key  to 
the  solution  of  this  problem.  The  fact  that  the  action  of  a  wheat 
bran  extract  on  commercial  phytin  produced  products  identical  with 
those  which  we  have  previoiialy  isolated  from  wheat  bran  itself,  viz., 
principally  inosite  triphosphoric  acid  and  inosite  monophosphoric 
acid,  led  to  the  thought  that  the  organic  phosphorus  compound  origi- 
nally present  in  bran  was  probably  hydrolyzed  during  the  extraction 
with  0.2  per  ct.  hydrochloric  acid  with  formation  of  inorganic  phos- 
phoric acid  and  lower  inosite  phosphoric  acids.  This  opinion  was 
fully  confirmed  by  the  results  reported  in  the  preceding  paper.  It 
is  ^own  there  that  inorganic  phosphoric  acid  is  liberated  rapidly 
when  wheat  bran  is  digested  in  water,  in  0.1  and  in  0.2  per  ct.  hydro- 
chloric  acid,  as  well  as  in  0.2  per  ct.  acetic  acid.    This  rapid  forma- 

>  Joum.  Biol.  Chem,  18:441, 1914;  and  N.  Y.  Agrl.  Expt.  Sta.  Tech.  Bull.  36. 

•  See  ft  preceding  ftrtide. 

*Amer,  Chem.  Joum.  31:566, 1901 

•  Joum.  Bid.  Chem.  17: 141, 151, 165, 1914;  and  N.  Y.  Agrl.  Expt.  Sta.  Tech.  BulL  32. 
•Ibid.  17:171,  1914:  and  N.  Y.  Aivl.  Expt.  Sta.  Tech.  BuU.  32. 

^BvU.  Coa.  Agric.  Tokyo.  7:503-512,  IWT. 

•  BiMhem,  Joum.  7:43, 1913. 
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tion  of  inorganic  phosphoric  acid  from  the  oi^anic  phosphorus  com- 
pound would  naturally  preclude  the  possibility  of  isolating  the  original 
substance  from  extracts  prepared  by  digesting  the  material  in  the 
above  solutions.  The  only  products  possible  of  isolation  would  be 
such  intermediate  substances  as  had  escaped  the  hydrolytic  action 
of  the  oizyme.  The  previous  determinations  concerning  the  activity 
at  the  enzyme  showed,  however,  that  the  use  of  hydrochloric  acid 
stronger  than  0.2  per  ct.  materially  reduced  the  amount  of  inorganic 
phosphate  in  the  extract  and  that  the  minimum  quantity  was  present 
when  the  bran  was  extracted  with  1  per  ct.  hydrochloric  acid. 

Wheat  bran  was  therefore  extracted  for  5  houra  with  1  per  ct. 
hydrochloric  acid  and  the  organic  phosphoric  acid  in  the  extract 
isolated  as  a  barium  salt  (see  Experimental  Part).  The  substance 
then  obtained  had  entirely  different  properties  and  composition  from 
those  obtained  when  wheat  bran  is  digested  in  0.2  per  ct.  hydro- 
chloric acid.  After  careful  purification  this  salt  crystallized  in  the 
same  form  and  under  the  same  conditions  as  the  corresponding 
barium  salts  of  inosite  hexaphoephate.  So  far  as  crystal  form,  pro- 
perties and  composition  are  concerned,  there  appears  to  be  no  differ- 
ence between  the  substances  isolated  from  wheat  bran  and  the  ba- 
rium salts  of  phytic  acid  or  inosite  hexaphoephate  obtained  from 
other  sources.  We  conclude  therefore  that  all  of  these  materials, 
viz.,  wheat  bran,  com,  oats,  cottonseed  meal  and  commercial  phytin, 
contain  the  same  organic  phosphoric  acid,  namely,  phytic  acid  or 
mosite  hexaphosphoric  acid,  C6Hi^s4P6. 

This  confirms  the  conclusions  of  Patten  and  Hart*  as  to  the  nature 
of  the  organic  phosphorus  compound  of  wheat  bran.  It  is  somewhat 
difficult  to  understand  how  these  authors  came  to  this  conclusion 
since  they  state  that  they  had  extracted  the  bran  with  0.2  per  ct. 
hydrochloric  acid,  and  under  these  conditions  we  have  found  that 
phytic  acid  or  inosite  hexaphosphoric  acid  is  not  obtain^  but  princi- 
pally inosite  triphosphoric  acid  and  some  inosite  monophosphoric  acid. 

In  view  of  the  results  reported  in  this  as  well  as  in  the  two  preceding 
papers,  it  is  evident  that  the  compounds  which  we  have  previously 
isolated  from  wheat  bran,  viz.,  inosite  triphosphoric  acid  and  inosite 
monophoephoric  acid,  do  not  represent  the  organic  phosphoric  acids 
originally  present  in  the  bran  but  that  they  are  intermediate  products 
formed  from  inosite  hexaphosphoric  acid  by  the  enzyme,  '^  phytase," 
daring  the  extraction  of  the  bran  with  the  dilute  acid. 

EXPERIMENTAL  PART. 

The  bran,  700  grams,  was  digested  in  5  litres  of  1  per  ct.  hydro- 
chloric acid  for  5  hours.  It  was  then  strained  throu^  cheesecloth 
and  the  liquid  filtered.  Barium  hydroxide  (Eahlbaum)  was  added 
to  the  filtrate  until  the  reaction  was  alkaline.    The  precipitate  was 

*Loc.cii. 
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filtered  aad  washed  with  water  and  then  dissolved  in  about  3  per  ct. 
hydrochloric  acid.  The  opalescent  solution  was  filtered  throu^  char- 
coal and  the  filtrate  precipitated  by  adding  about  an  equal  volume 
of  alcohol.  After  standing  over  night  the  precipitate  was  filtered, 
washed  in  dilute  alcohol  and  again  dissolved  in  3  per  ct.  hydrochloric 
acid  and  filtered  through  charcoal.  A  dilute  solution  of  barium 
hydroxide  was  gradually  added  to  the  filtrate  until  a  precipitate 
began  to  form.  After  standing  over  night  the  substance  had  s^i^ 
rated  out  in  semicrystalline  form.  It  was  filtered  and  washed  in 
water,  dissolved  in  3  per  ct.  hydrochloric  acid  and  precipitated  by 
alcohol.  After  filtering  and  washing  with  dilute  alcohol  it  was  again 
dissolved  in  the  dilute  hydrochloric  acid  and  precipitated  by  barium 
hydroxide. 

The  precipitate  was  still  dark  colored  and  it  contained  some  im- 
purities, not  completely  soluble  in  the  dilute  hydrochloric  add,  ai>- 
parently  of  colloidal  nature,  which  could  not  be  removed  by  filtration. 
In  order  to  eliminate  these  inpurities  the  barium  precipitate  was 
suspended  in  water  and  the  barium  removed  with  a  slight  excess 
of  dilute  sulphuric  acid.  The  barium  sulphate  was  filtered  off  and 
the  filtrate  precipitated  with  excess  of  copper  acetate.  The  copper 
precipitate  was  filtered  and  washed  free  of  sulphates  with  water.  It 
was  then  suspended  in  water  and  decomposed  with  hydrogen  sulphide. 
After  filtering  off  the  copper  sulphide  a  clear  and  colorless  solution 
of  the  free  acid  was  obtained.  By  these  various  operations  the  oxalic 
acid  had  also  been  removed,  as,  after  nearly  neutralizing  with  barium 
hydroxide  and  adding  barium  chloride,  no  precipitate  or  turbidity 
occurred.  The  solution  was  precipitated  with  barium  hydroxide, 
filtered  and  washed  in  water.  The  substance  was  again  twice  pre* 
cipitated  with  barium  hydroxide  from  3  per  ct.  hydrochloric  ackl 
and  finally  twice  precipitated  with  alcohol  from  the  same  strength 
hydrochloric  acid.  After  finally  filtering,  the  substance  was  washed 
free  of  chlorides  with  dilute  alcohol,  alcohol  and  ether,  and  dried  in 
vacuum  over  sulphuric  acid.  It  was  a  snow-white  semi-crystalline 
powder  which  weighed  11  grams.  It  was  free  from  chlorides  and 
inorganic  phosphate  and  did  not  contain  any  bases  except  barium. 

For  analysis  it  was  recrystallLBed  as  follows:  2  grams  of  the  sub- 
stance were  dissolved  in  the  minimum  quantity  of  2  per  ct.  hydro- 
chloric acid  and  the  free  acid  nearly  neutralised  with  barium  hydrox- 
ide and  the  solution  filtered.  The  clear  filtrate  was  heated  to  boiling 
when  the  substance  separated  as  a  heavy  cr3r8talline  powder.  This 
was  filtered  and  washed  in  boiling  hot  water  and  finally  in  alcohol 
and  ether  and  dried  in  the  air.  Yield  1.5  grams.  It  was  recrystal- 
lized  a  second  time  in  the  same  manner  except  that  20  c.c.  of  ^ 
barium  chloride  were  added  te  the  solution  before  boiling.  After 
filtering,  washing  and  drying,  as  before,  about  1.3  grams  substance 
was  obtained.  It  consisted  of  fine,  microscopic,  needle-shaped  crys- 
tals.   It  was  free  from  chlorides  and  the  nitric  acid  solution  gave 


New  York  Agricultural  EIxperiment  Station.         369 

no  precipitate  with  ammonium  molybdate^  showing  that  inorganic 
phosphate  was  absent. 

It  was  analysed  after  drsing  at  105^  in  vacuum  over  phosphorus 
pentoxide. 

0.3771  gm.  subst.  lost  0.0385  gm.  HiO 

0.1917  gm.  subst.  lost  0.0196  gm.  HsO 

0.3386  gm.  subst.  gave  0.0361  gm.  HsO  and  0.0794  gm.  CX)i 

0.2571  gm.  subst.  gave  0.0269  gm.  HsO  and  0.0617  gm.  CO^ 

0. 1715  gm.  subst.  gave  0 .  1218  gm.  BaSOi  and  0 .  1026  gm.  MgJ^sO? 

Found:    06.39;  H=1.19;  P=16.67;  Ba=41.79  per  ct. 

0=6.54;  H=1.17 

HsO  10.20  and  10.22  per  ct. 

For  heptabarium  inosite  hexaphosphate  (C6HuOs4P6)sBa«f^267 
Calculated:    06.35;  H=0.97;  P=16.40;  BaF42.39  per  ct 
For  14  HiO  calculated,  10.00  per  ct. 

BBBPABATIOM  OV  TEOD  CBTBTALLINB  TBIBABIUM  INOSIKB 

HBXAPHOBPHATS. 

This  was  prepared  by  dissolving  5  grams  of  the  origmal  substance 
in  2  per  ct.  hydrochloric  acid,  nearly  neutralizing  with  dilute  barium 
hydroxide,  filtering  and  adding  alcohol  gradually  imtil  the  solution 
turned  cloudy.  It  was  then  allowed  to  stand  for  two  days  at  room 
temperature.  The  substance  s^arated  slowly  in  the  form  of  globular 
maasee  or  rosettes  of  microscopic  needles.  The  crystal  form  was 
idoitical  with  that  previously  described  for  the  tribarium  inosite 
hexaphosphate.  The  substance  was  filtered  and  washed  in  dilute 
alcohol,  alcohol  and  ether,  and  dried  in  the  air.  It  was  recrystallized 
a  second  time  by  dissolving  in  the  minimum  quantity  of  2  per  ct. 
hydrochloric  acid,  filtering,  and  adding  alcohol  imtil  a  slight  per- 
manent cloudiness  remained.  After  standing  for  two  &ys  tibe 
substance  had  separated  in  the  same  form  as  beforo.  It  was  filtered, 
washed  free  of  chlorides  with  dilute  alcohol,  and  then  in  alcohol 
and  ether  and  dried  in  the  air.  It  was  obtained  as  a  snow-white 
crystalline  powder.  It  was  free  from  chlorides  and  inorganic  phos- 
lALates. 

For  analyas  it  was  dried  at  106^  in  vacuum  over  phosphorus 
peatoxide.  t 

0.2922  gm.  subst  lost  0.0334  gm.  HsO  _ 

0.2588  gm.  subst.  gave  0.0291  gm.  HsO  and  0.0648  gm.  00^ 

0.1421  gm.  subst.  gave 0. 0944 gm.BaS04  and 0. 0867 gm.MgJ^A 
Pound:    0=6.82;  H=1.25;P=17.00;Ba=«9.09  per  ct. 
Hs0=11.43  per  ct. 

For  tribarium  inosite  hexaphosphate,  C8HuOs4P3a«=1066 
Calculated:    06.75:  H=1.12;  P=17.44- Ba=38.65  per  ct. 
For  8  B^  calculated  11.90  per  ct.^ 
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Most  authors  working  with  organic  phosphorus  compounds  report 
much  difficulty  in  obtaining  proper  values  for  the  carbon.  This 
difficulty  is  particularly  great  in  burning  compounds  such  as  thoee 
reported  above  where  the  percentage  of  carbon  is  so  low.  Under 
ordinary  conditions  it  is  impossible  to  obtain  a  complete  com- 
bustion—  the  ash  is  usually  more  or  less  dark  colored.  Some 
authors  recommend  mixing  the  substance  intimately  with  fine  copper 
oxide.  This  procedure  is  very  serviceable  when  burning  salts  of 
these  organic  phosphoric  acids  with  organic  bases —  like  the  strych- 
nine salts  which  we  have  previously  reported,  but  with  barium  salts 
we  have  not  found  copper  oxide  to  be  of  much  use.  In  the  analyses 
reported  above  we  have  used  the  following  method,  for  the  sug- 
gestion of  which  we  are  indebted  to  His  Excellency  F^f .  E.  I^her 
of  Berlin. 

The  substance  is  first  burned  in  the  usual  way  in  a  current  of 
oxygen  —  the  combustion  lasting  about  an  hour.  The  calcium 
chloride  tube  and  the  potash  bulb  are  then  weighed.  The  increase 
in  weight  of  the  calciimi  chloride  tube  is  taken  as  the  correct  wei^t 
of  the  water.  The  residue  in  the  boat,  which  is  dark  colored  from 
particles  of  unbumed  carbon,  is  powdered  in'  an  agate  mortar  with 
some  recently  fused  potassium  bichromate  and  again  placed  in  the 
boat,  the  mortar  being  rinsed  out  with  some  more  powdered  bichro- 
mate. The  whole  is  again  burned  in  the  usual  way.  The  potassium 
bichromate  fuses  and  oxidizes  all  the  carbon  in  the  residue.  The 
increase  in  weight  in  the  potash  bulb  is  added  to  the  first,  9ving 
the  total  carbon  dioxide. 

Since  the  bariimi  salts  described  above  agree  in  crystal  form  and 
composition  with  salts  of  inosite  hexaphosphoric  acid  or  phytic  acid, 
we  believe  there  can  be  no  doubt  that  wheat  bran  contains  the 
same  phytin  as  other  plants.  We  would  have  recognized  liiis 
relationship  sooner  if  we  had  made  a  series  of  inorganic  phosphorus 
determinations  in  wheat  bran  extracts  prepared  with  water  or 
dilute  acids,  such  as  is  reported  in  a  preceding  paper.  We  believed, 
however,  that  since  phytic  acid  could  be  isolated  from  cottonseed 
meal,  oats  and  com,  after  digesting  in  0.2  per  ct.  hydrochloric  acid, 
that  the  same  procedure  should  also  suffice  in  the  case  of  wheat  bran. 
Moreover,  we  were  followmg  the  method  of  isolation  recommended 
by  previous  investigators  on  this  subject.  The  fact  that  inosite 
hexaphosphoric  acid  is  obtained  from  0.2  per  ct.  hydrochloric  acid 
extracts  of  com,  oats,  and  cottonseed  meal,  only  proves  that  these 
materials,  with  the  possible  exception  of  oats,  do  not  contain  any 
enzyme  of  the  nature  of  the  phytase  contained  in  wheat  bran.  In 
the  case  of  the  phytin  preparations  isolated  from  oats^  we  found 
a  considerable  amoimt  of  water-soluble  barium  salt  of  practically 
the  same  composition  as  the  barium  salts  prepared  from  wheat  bran 

>o  /oum.  Biol.  Chan,  17: 163, 1914;  N.  Y.  Agrl.  Expt.  Sta.  Teoh.  Bull.  32,  p.  21. 
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after  extaracting  with  0.2  per  ct.  hydrochloric  acid.  We  hope  to 
investigate  furtiier  this  matter  concerning  the  distribution  of  the 
enxyme  phytase  m  various  plants.  We  also  intend  to  study  more 
cloeely  certain  phases  of  the  action  of  this  enzyme,  particularly 
whether  it  is  capable  of  inducing  syntlietic  reactions.  It  appears 
not  improbable  Uiat  an  equilibrium  exists  in  the  reaction 

CyH.06  IPO(OH)J«+6H,Ol:^C!5He(OH).+6HJP04 

particularly  at  the  stage  when  one-half  of  the  phosphorus  has  been 
split  off.  The  fact  that  the  bulk  of  the  substance  ordinarily  isolated 
from  wheat  bran,  after  digesting  in  0.2  per  ct.  hydrochloric  acid,  is 
inosite  triphosphate,  supports  this  view. 

The  author  acknowledges  with  pleasure  his  indebtedness  to  Dr. 
R.  H.  A.  Plimmer  for  many  suggestions  which  have  beai  ol  great 
assistance  in  carrying  out  the  work  reported  in  this  and  the  two 
preoeding  papers. 


FIBRIN*t 

ALFRED  W.  BOSWORTH. 

SUMMARY, 
z.  Fibrin  can  combine  with  both  bases  and  adds  to  form  definite 
compounds. 

2.  Fibrin  combines  with  four  equivalents  of  base  to  form  a  com- 
pound which  is  neutral  to  phenolphthalein. 

3.  Fibrin  combines  with  bases  to  form  a  series  of  three  add 
salts  which  contain  one,  two,  and  three  equivalents  of  base  respec- 
tively. 

4.  AU  the  combinations  of  fibrin  with  sodium,  potassium,  and 
ammonium  are  soluble. 

5.  The  calcium  fibrinates  containing  three  and  four  equivalents 
of  caldum  are  soluble,  the  calcium  fibrinates  containing  one  and 
two  equivalents  of  caldum  being  insoluble. 

6.  Fibrin  combined  with  one  equivalent  of  acid  is  insoluble, 
and  combined  with  more  than  one  equivalent  of  add  is  soluble. 

7*  Pure  fibrin,  unlike  casein,  is  not  strong  enough  as  an  acid  to 
decompose  calcium  carbonate. 

8.  Ilie  molecular  weight  of  fibrin  is  about  6666. 

9.  Carbon  dioxide  precipitates  fibrin  from  a  solution  of  caldum 
fibrinate,  but  not  firom  a  solution  of  sodium,  potassium,  or  am- 
monium fibrinate. 

INTRODUCTION. 

Certain  observations  made  while  working  with  blood  seemed  to 
indicate  that  fibrin  might  possess  some  chemical  properties  quite 
similar  to  l^ose  of  casein,  which  have  been  reported  by  Van  Slyke 
and  Bosworth.^  Upon  investigation  it  has  been  found  that  fibrin 
resembles  casein  in  many  of  its  reactions  towards  bases  and  acids, 
and  it  is  thought  by  the  author  that  these  reactions  may  play  an 
important  r61e  in  the  phenomenon  of  the  clotting  of  blood.  As 
a  continuation  of  the  work  beyond  the  point  reported  in  this  bulletin 
seems  to  be  out  of  the  scope  of  this  institution,  it  has  seemed  best 
to  publish  the  results  obtained  in  order  that  they  might  be  available 
to  others  interested  in  the  question  of  the  clotting  of  blood. 

*  Published  in  the  Jowrud  of  Biological  Chemistry ,  20:91,  1915,  as  a  contribution 
from  the  Boston  Floating  Hospital,  Boston,  and  the  Ghomical  Laboratory  of  the 
New  York  AgrJcultural  Experiment  Station,  Geneva. 

>  Jour,  BioLChem,  14:203-230.  1913.  and  Technical  Bull.  26  of  this  Statmi. 
.    t.A  reprint  of  Technical  Bulletin  No.  41,  April,  1915. 
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EXPERIMENTAIi. 

METHOD  OF  PREPARING  ASH-FREE  FIBRIN. 

Fresh  ox  blood  was  collected  in  a  large  bottle  and  carried 
immediately  to  the  laboratory  where  it  was  transferred  to  pre- 
cipitating jars  and  aUowed  to  coagulate.  The  clots  were  removed, 
broken  into  small  pieces,  and  wa^ed  in  running  water  to  remove 
the  serum  and  blood  corpuscles.  '  The  washed  masses  of  fibrin  were 
passed  through  a  meat  chopper,  placed  in  an  8-liter  bottle,  a  little 
toluene  was  added,  and  the  bottle  filled  with  a  0.2  per  ct.  solution 
of  sodic  hydrate.  This  solution  caused  the  fibrin  to  swell,  and 
after  about  36  hours  the  whole  contents  of  the  bottle  resembled 
a  atan  jelly.  This  jelly  was  broken  up,  one-half  transferred  to 
another  8-liter  bottle,  and  after  tiie  two  bottles  were  filled  by  the 
addition  of  water  they  were  allowed  to  stand  another  36  hours. 
The  jelly  was  almost  completely  dissolved,  so  the  contents  ci  the 
two  bottles  were  filtered,  first  through  cheese  cloth,  then  linen, 
and  finally  paper.  The  clear  filtrate  was  divided  into  several  portions 
which  were  placed  in  2-liter  precipitating  jars,  diluted  with  an  equal 
volume  of  water,  and  the  fibrin  was  precipitated  by  the  cautious 
addition  of  0.3  per  ct.  acetic  acid.  At  a  c^tain  point  a  flocculent 
precipitate  appeared  which  quickly  settled  to  the  bottom  of  the  jar. 

The  supernatant  liquid  was  poured  off,  the  precipitate  washed 
with  water,  dissolved  in  dilute  sodic  hydrate  (0.05  per  ct.),  and 
again  precipitated  with  acetic  acid.  This  process  was  repeated 
three  times,  the  final  precipitate  being  washed  with  alcohol  and 
ether  and  dried  over  sulphuric  acid  in  an  evacuated  desiccator. 
The  fibrin  strongly  resembled  casein  in  all  stages  of  its  preparation 
except  in  its  extreme  sensitiveness  to  a  slight  excess  of  acid  or  alkali, 
for,  unlike  casein,  it  is  readily  soluble  in  weak  acetic  acid. 

The  final  product  was  a  very  fine,  light,  white  powder  which 
gave  the  following  figures  upon  analysis. 

Perct. 

Moirturo 1 .  84 

Ash  in  dry  sobstaaoe 0.03 

Cflibon  in  dry  Bubitaace 51 .82 

Hydrogen  in  dry  Bubatanoe 6.90 

Nitrogen  in  dry  subetanoe 17.21 

Sulphur  in  dry  subetance 0.95 

Oxygen  in  dry  flobstanoe* 23.12 

In  order  to  show  that  the  preparation  obtained  was  not  a  sub- 
stance or  mixture  of  substances  resulting  from  the  hydrolysis  of 
fibrin  by  the  alk^di  used  to  dissolve  the  fibrin,  the  following  experi- 
ment was  perfonned. 

Some  of  the  fibrin,  prepared  as  above,  was  dissolved  in  0.2  per 
ct.  sodic  hydrate,  allowed  to  stand  for  24  hours  at  37<>  C,  and  the 

*By  difference. 
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fibrin  precipitated  by  means  of  acetic  acid.  The  precipitate,  after 
being  washed  with  water,  alcohol,  and  ether,  was  found  to  give 
the  same  figures  upon  anal3rsis  as  the  original  preparation.  The 
filtrate  contained  soluble  nitrogen  which  could  not  be  precipitated 
by  acids,  showing  tliat  the  hydrolysis  had  occurred,  but  that  the 
products  of  Hie  hydrolysis  did  not  contaminate  the  final  preparation 
of  fibrin. 

THE  relation  OF  FIBRIN  TO  BASES.' 

CombinatUma  with  sodium. — One  gram  of  fibrin  was  found  to 
require  30.7  c.c.  of  ^  sodium  hydroxide  to  make  it  neutral  to 
phenolphtiialein,  or  one  gram  of  fibrin  combines  with  6.14  X  10^ 
gram  equivalents  of  sodium  to  form  a  compound  neutral  to  phend- 
phthalein. 

One  gram  .of  fibrin  dissolved  in  50  c.c.  of  ^  sodium  hydroidde 
requires  the  addition  of  .42.4  c.c.  of  ^  HCl  to  produce  the  first 
sign  of  a  precipitate,  or  one  gram  of  fibrin  combines  with 
1.52  X  10^  gram  equivalents  of  sodium  to  form  a  compound  soluble 
in  water. 

One  gram  of  fibrin  dissolved  in  50  c.c.  of  ^  sodium  hydroxide 
requires  the  addition  of  50  c.c.  of  ^  HCl  to  cause  the  complete 
precipitation  of  the  fibrin.  This  proves  that  fibrin  does  not  form 
an  insoluble  salt  containing  sodium. 

Combiruitiona  vnih  calcium. — One  gram  of  fibrin  was  found  to 
require  30.8  c.c.  of  ^  calcium  hydroxide  to  make  it  neutral  to 
phenolphthalein,  or  1  gram  of  fibrin  combines  with  6.16  X  10^ 
gram  equivalents  of  calcium  to  form  a  compound  neutral  to  phenol- 
phthalein. 

One  gram  of  fibrin  dissolved  in  100  c.c.  of  ^  calcium  hydroxide 
requires  the  addition  of  77.5  c.c.  of  ^  HCl  to  produce  the  firat 
sign  of  a  precipitate,  or  one  gram  of  fibrin  combines  with 
4.50  X  lOr^  gram  equivalents  of  calcium  to  form  a  compound  sol- 
uble in  water. 

One  gram  of  fibrin  dissolved  in  100  c.c.  of  ^  calcium  hydroxide 
requires  the  addition  of  85.0  c.c.  of  ^  HCl  to  cause  a  complete 
precipitation  of  the  fibrin,  or  one  gram  of  fibrin  c(Hnbines  with 
3.0  X  10^  gram  equivalents  of  calcium  to  form  a  compound  in- 
soluble in  water.  This  precipitate  is  completely  dissolved  by  5  per 
ct.  solution  of  sodium  chloride.' 

BELATION  OF  FIBBIN  TO  HTDBOGHLOBIC  ACID. 

One  gram  of  fibrin  dissolved  in  50  c.c.  of  ^  HCl  requires  the 
addition  of  42.5  c.c.  of  ^  sodium  hydroxide  to  produce  complete 

'  For  the  detaib  of  the  teohnique  involved  in  these  BtQ<fieB  eonsult  the  irork  of 
Van  Siyke  and  Boeworth  upon  the  easeinates  (loe.  eit.). 

*  Casein  forms  a  simflar  compound  with  oaloium,  Jour,  BioL  Chem.  14 :  231, 191Zp  and 
Teoh.  BuU.  No.  26,  of  this  Station. 
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precipItati(Hi,  or  one  gram  of  fibrin  combines  with  1.50  X  10^  gram 
equivalents  of  hydrochloric  acid  to  form  a  compound  insoluble  in 
water. 

EFFECT  OF   CARBON  DIOXIDE  ON  SOLUTIONS  OF  FIBRINATES. 

Fibrin  is  not  precipitated  by  running  a  stream  of  carbon  dioxide 
into  solutions  of  sodium,  potassium,  or  ammonium  fibrinates  while 
solutions  of  calcium  or  barium  fibrinates  give  precipitates  of  acid 
fibrinates.  Solutions  of  calcium  fibrinate  clot  upon  being  exposed 
to  the  air,  due  to  the  absorption  of  carbon  dioxide. 

Fibrin,  unlike  casein,  does  not  decompose  calcium  carbonate 
when  these  two  substances  are  triturate  together  in  the  presence 
<tf  water. 

HOLBCULAB  WEIGHT  OF  FIBBIN. 

From  the  sulphur  content  we  have, 

Mol.  Wt.»N  [H:tt  X  100]  ^  Nd375.7.    If  N  »  2,  then  Mol.  W%j^  0751.4 

From  the  sodium  fibrinate  containing  one  equivalent  of  base 
we  have. 


HUMAN  MILK. 't 

ALFRED  W.  BOSWORTH. 

INTRODUCTION. 

The  knowledge  of  the  chemistry  of  human  milk  has  been  de- 
rived from  a  general  study  of  the  constituents  present  and  may  be 
summarized  by  a  statement  of  the  amounts  of  fat,  protein,  sugar, 
and  salts  present.  As  a  result  of  our  somewhat  detailed  study  of 
cow's  milk,  methods  have  been  elaborated  which  allow  of  a  more 
specific  study  of  the  milk  constituents^  and  enable  us  to  form  more 
definite  opinions  as  to  the  condition  in  which  they  are  present  in 
milk.  As  these  methods  have  been  fully  described  in  a  previous 
paper^  it  will  suffice  to  state  here  that  the  milk  is  first  separated 
bv  means  of  a  clay  filter  into  two  portions:  the  serum,  which  contains 
ail  the  soluble  constituents;  and  the  unfilterable  portion,  which  con- 
tains those  substances  which  are  present  in  the  milk  in  the  form 
of  an  emulsion  or  a  colloid.  These  two  portions  are  then  studied 
sen^xatelv 

RESULTS  OF  INVESTIGATIONS. 

^  ACIDITY  OF  HUMAN  MILK. 

When  the  acidity  is  determined  by  the  method  recently  pub- 
lished* it  is  found  that  the  acidity  of  the  serum  of  fresh  milk  is  the 
same  as  that  of  the  original  whole  milk,  which  proves  that  the  serum 
contains  all  the  acid  bodies  in  the  milk.  It  will  be  shown  lat^  that 
this  acidity  is  in  all  probability  due  to  acid  phosphates  and  that 
from  3  to  6  c.c.  of  tenth  normal  alkali  are  required  to  make  100  c.c. 
of  milk  neutral  to  phenolphthalein. 

In  this  connection  it  is  well  to  call  attention  to  the  erroneous 
idea  which  has  prevailed  as  to  the  difference  in  the  acid  reaction 
of  human  milk  and  cow's  milk.  This  has  been  due  to  the  incor- 
rect method  used  to  determine  the  acidity.  The  high  acid  figures 
previously  obtained  for  cow's  milk  were  due  to  the  interference 
of  the  neutral  calcium  phosphate,  CaHP04,   which  is  present  in 

•Published  in  The  Journal  of  Bidogiad  ChemUtry  20: 707.  1915,  as  a  oontribotion 
from  the  Boston  Floating  Hospital,  Boston,  and  the  Chemical  Laboratory  of  the  New 
York  Agricultural  Experiment  Station,  Geneva. 

^L.  L.  Van  Slyke  and  A.  W.  Bosworth:  Joum,  Biol.  Chem.,  20:135,  1915;  N.  T. 
Agr.  Expt.  Sta.  Tech.  Bui.  No.  39,  1915. 

>Van  Slyke  and  Bosworth:  Jowm.  Bid.  Ckm^,  19:7%  1914;  N.  Y.  Agr.  Esq).  Sta, 
Tech.  BuL  No.  87. 1914. 

t  A  reprint  of  Technical  Bulletin  No.  43,  May,  1915. 
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cow's  milk  but  not  in  human  milk,  as  will  be  shown  later  on  in  this 
paper.  By  using  the  method  mentioned  above  it  is  found  that  100  c.c. 
of  cow's  milk  mil  require  the  addition  of  from  4.4  to  7.0  c.c.  of  tenth 
normal  alkaU  to  make  it  neutral  to  phenolphthalein.  The  acidity 
of  human  milk  and  cow's  milk  is  thus  seen  to  be  practically  tiie  same, 
and  the  practice  of  adding  lime  water  to  modified  cow's  milk  used 
for  infant  feeding  as  a  means  of  correcting  the  acidity  is  thus  shown 
to  have  no  foundation. 

THE  BERX7M  OF  HUMAN  If  ILK. 

The  serum  of  fresh  human  milk  resembles  water  in  appearance. 
It  is  acid  to  phenolphthalein  and  alkaline  to  meHiyl  orange,  which 
would  indicate  that  the  acidity  is  due  to  acid  phosphates.  Its 
composition,  in  comparison  with  that  of  whole  milk,  is  given  in  the 
following  table. 

TaBLB   I. — Ck)lfP08ITI0N  OF  HlTlCAN  MiLK   AND  ItB  SBBITM. 


CcHistitueiits. 


FW. 

Vi/Mwm.  ••••.•.•.«••>*«••••••••.••>•••• 

Albumin 

Nttroeen  in  other  compounds  calculated 

as  protein 

Citric  acid 

Phoephonia,  organic 

Phoephorua,  inorganic 

Calcium. 

Magnesium. 

Sodium 

Potaarium 

Qilorine 


Original 
milk. 


} 


3.30 
♦1.20 


0.307 

0.1055 

0.0008 

0.0148 

0.0354 

0.0030 

0.0147 

0.0711 

0.0375 


Milk  serum 
100  0.0. 


{ 


Chn. 
0.00 
0.00 
0.131 

0.307 

0.1055 

0.00 

0.0148 

0.0214 

0.0030 

0.0147 

0.0711 

0.0873 


Milk 

constituents 

in  serum. 


Perct. 
0.00 
0.00 

*(13.10) 

100.00 
100.00 
0.00 
100.00 
60.45 
100.00 
100.00 
100.00 
100.00 


*The  determination  of  casein  in  the  whole  milk  was  veiy  unntiafaotory.  and  for  that  leaeon 
the  amouBt  is  not  given  in  the  table.    It  was  aboat  0.2  gm.  per  100  0.0.  of  milk. 


THB  UNFILllCaABLE  POBTION  OF  HUMAN  MILK. 

By  reference  to  Table  I  it  is  seen  that  that  portion  of  the  milk 
which  does  not  pass  through  the  clay  filter  contains  the  fat,  the 
casein,  and  part  of  the  albumin  and  calcium.  The  fat  can  be  re- 
moved by  extraction  with  ether,  leaving  the  protein  and  calcium. 
It  was  found  impossible  to  separate  the  calcium  from  the  protein 
by  any  mechanical  means;  so  we  conclude  that  it  is  in  chemical  com- 
bination with  the  protein.  It  is  important  to  note  that  evidence 
eeems  to  indicate  that  the  albumin  as  well  aa  the  casein  is  combined 
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with  calcium.    This  will  be  investigated  more  carefully  before  any 
definite  report  is  made. 

The  figures  in  Table  I  show  that  human  milk,  unlike  cow's  milk, 
contains  no  insoluble  inorganic  phosphates;  i.e.,  no  dicalcium  phos^ 
phate,  CaHP04.  This  sufcetance,  if  it  were  present,  would  be  found 
m  the  portion  of  the  milk  which  failed  to  pass  throu^  the  day 
filter. 

PBINCIPAL  COMPOX7NDS  OF  HUMAN  MILK. 

As  a  result  of  our  studies  of  human  milk  the  following  arrange- 
ment is  offered  as  representing  the  probable  condition  in  which 
the  constituents  are  present  in  human  milk  of  average  composition. 

Perot. 

Fat 3  30 

Milk  sugar 6.50 

Ph>teui8  combined  with  calcium 1 .60 

Calcium  chloride 0.050 

Mono-potaaBium  phosphate  (KHsPOO 0.060 

Sodium  citrate  (Na.C,H»07) 0.055 

PotasBium  citrate  (KiCUSiOr) 0.103 

Mono-magnesium  phosphate  (MgH^PiOs) 0.027 

My  thanks  are  due  to  Dr.  Henry  I.  Bowditch,  who  has  used 
funds  at  his  disposal  to  pay  for  the  milk  used  for  this  investigation. 
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THE  CASEIN  AND  SALTS  OF  GOAT'S  MILK* 

ALFRED  W.  BOSWORTH  and  LUCIUS  L.  VAN  8LYEE. 

SUMMARY. 

1.  Caseiii  of  goat's  milk. —  Casein  prepared  from  goat's  milk 
focms  a  series  H  compounds  with  bases  in  ¥^cli  the  combining 
proportions  are  the  same  as  in  the  case  of  casein  prepared  from 
cow's  milk.    The  molecular  weight  is  8888  and  the  valency  is  8. 

2.  Soluble  and  insoluble  compounds. —  Goat's  milk  contains  two 
general  classes  of  compounds,  tiiose  in  true  solution,  and  those  in 
suspension  or  colloidal  solution.  These  two  portions  can  be  sepa- 
rated for  study  by  filtering  the  milk  through  a  porous  earthenware 
filter.  The  soluble  constituents  are:  Sugar,  potossium,  sodium 
and  chlorine.  Those  partly  in  solution  and  partly  in  suspension  or 
coOoidal  solution  are:  Albumin,  inorganic  phosphates,  calcium, 
magnesium  and  citrates.  Constituents  entirely  in  suspension  or 
colloidal  solution  are:    Fat  and  casein. 

3  The  insoluble  portion  of  milk  separated  by  the  earthenware 
filter  is  grayish  to  greenish  ¥^te  in  color,  of  a  glistening  appearance 
and  gelatinous  crasistency.  When  shaken  with  water  it  goes 
readily  into  sucrpension,  forming  a  mixture  having  tiie  opaque  white 
appearance  of  milk. 

4.  Goat's  milk  contains  tri-caldum  phosphate  as  shown  by  behavior 
of  the  insoluble  portion  toward  phenol^thalein  and  also  by  the 
rdation  between  tiie  constituent  bases  and  acids. 

S*  The  real  addity  of  goat's  milk  is  considerably  less  than  that 
of  cow's  milk. 

6.  Coo^arison  of  compounds  of  goat's  milk,  cow's  mJlk  and  human 
milk. —  The  amount  of  salts  and  tiie  number  of  different  salts  in 
human  milk  is  less  than  in  cow's  or  goat's  milk.  The  amount  of 
chlorides  in  goafs  mOk  is  larger  than  in  either  human  or  cow's  milk. 
The  phosphates  in  goat's  milk  are  combined  with  more  bases  than 
m  ttie  other  mQks. 

I.    THE  CASEIN  OF  GOAT'S  MILK. 

In  studjring  the  composition  of  goat's  milk  in  this  laboratory,  we 
found  it  necessary  to  know  the  percentage  of  phosphorus  in  the 
casein  prepared  from  such  milk  and  also  the  power  this  casein  has  of 
combining  with  bases  to  form  caseinates.  We  have  prepared  casein 
bom  goat's  milk  by  the  method  used  in  our  study  of  the  casein  of 

*  A  nprini  of  Teehnical  Bufletin  No.  46,  December,  1015. 

[360] 


370      Report  of  the  Department  op  Chemistry  op  the 

cow'b  milk.^  However,  we  found  it  even  more  difficult  to  remove 
all  of  the  calcium  phosphate,  owing  to  the  fact,  shown  later  (p.  9), 
that  goat's  milk  contains  both  tri-  and  di-calcium  phosphate;  but 
by  repeating  the  process  of  precipitation  and  redissolvii^  in  the 
presence  of  neutrsd  potassium  oxsJate,  we  finally  obtained  a  prep- 
aration in  which  the  percentage  of  ash  was  about  0.36. 

Below  is  given  the  analysis  of  a  preparation  of  casein  made  from 
goat's  milk  together  with  the  analysis  of  casein  of  cow's  milk. 


PBBCBNTA0B  OF  CoRBTITUSNTB  IN  MoISTUIUB-FbBZ  AND  ASB-FbBB  CaBBIN. 


From 
cow's 
mOk 


Aih 

Caibon 

Hydrogen 

Nitrogen 

Phosphorus 

Sulphur 

Oxygen  (by  differenoe) 


PertL 
0.06 

53.50 
7.13 

15.80 
0.71 
0.72 

22.06 


BELA.TION  OF   CASEIN  OF  GOAT'S  MILK  TO  BASES. 

By  applying  the  details  of  the  methods  already  published  by  us,* 
we  find  uiat  the  casein  of  goat's  milk  combines  with  bases  to  form  the 
same  series  of  salts  (caseinates)  as  in  the  casein  of  cow's  milk.  The 
results  of  our  work  are  briefly  embodied  in  the  following  summary: 

(1)  One  gram  of  casein  combines  with  9  x  1(M  gram  equivalents 
of  base  to  form  a  compound  (caseinate)  neutral  to  phenolphthalein. 

(2)  One  gram  of  casein  combines  with  1.125  x  10-^  gram  equiva- 
lents of  ammonium,  sodium  or  potassium  to  form  a  soluble  casdnate, 
and  there  is  no  other  combination  of  casein  with  base  containing 
less  than  1.125  x  10-^  gram  equivalents  of  base  for  one  gram  of 
casein. 

(3)  One  gram  of  casein  combines  with  2.26  x  1(M  gram  equiva- 
lents of  calcium  to  form  a  caseinate  which  is  soluble  in  water.  This 
caseinate  is  insoluble  in  water  in  the  presence  of  more  than  a  trace 
of  any  soluble  salt  of  calcium,  barium  or  strontium. 

(4)  One  gram  of  casein  combines  with  1.125  x  10-^  gram  equiva- 
lents of  calcium  to  form  a  caseinate  insoluble  in  water.  This  com- 
pound is  soluble  in  a  warm  5  per  ct.  solution  of  sodium  chloride, 
the  solvent  action  being  due  to  an  interchange  of  bases  by  double 

^  N.  Y.  Agr.  E^.  Sta.  Teob.  Bui.  No.  26.    1912. 
^Idem. 


=  8888,    and    the    equivalent    weight    would     be 
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decomposition,  with  the  consequent  production  of  soluble  sodium 
caseinate.* 

VALENCY  AND  MOLECULAR  WEIGHT  OF  CASEIN  OF  GOAT's  MILK. 

From  the  preceding  data,  it  can  be  seen  that  the  valency  of  casein 
from  goat's  milk,  hke  that  of  casein  from  cow's  milk,  is  8. 

r-TT?^ 777"^  =  8.     The    molecular    weight    would    therefore    be 

1.125  X  1(M 

1 
1.125  X  1(M 

^  =1111 
8 

On  the  basis  of  the  sulphur  content  we  have: 

Molecular  weight  =  N  (^§^)  x  100  =  N  (4393).  If  N  equals 
2,  the  molecular  weight  equals  8786. 

On  the  basis  of  the  amount  of  phosphorus  contained  in  casein, 
we  have:  Molecular  weight  =  N  l^^)  x  100  =  N  (4372).  If 
N  equals  2,  the  molecular  weight  equals  8744. 

II.    THE   SOLUBLE   AND   INSOLUBLE   COMPOUNDS   OF 

GOAT'S  MILK. 

When  milk  is  brought  into  contact  with  a  porous  earthenware 
iSlter,  the  serum,  consisting  of  the  water  and  the  compounds  in  true 
solution,  passes  through  tiie  filter,  while  the  compounds  insoluble 
in  water,  which  are  present  in  suspension  (fat  and  calcium  phosphate) 
or  in  the  form  of  colloids  (casein),  remain  on  the  surface  of  the  filter. 
The  details  of  the  method  used  in  separating  milk-serum  from  the 
other  constituents  of  milk  are  fully  given  in  Technical  Bulletin 
No.  26  of  this  Station. 

By  determining  the  amounts  of  the  constituents  present  in  the 
whole  milk  and  in  the  serum,  we  are  enabled  to  determine  by  differ- 
ence the  quantities  present  in  the  milk  in  suspension  or  colloidal 
solution. 

Table  I  gives  figures  obtained  by  us  in  working  with  four  samples 
of  goat's  milk,  in  which  only  the  more  prominent  constituents  were 
determined. 

A  study  of  the  data  contained  in  Table  I  enables  us  to  show  the 
general  relation  of  the  constituents  of  milk  to  the  constituents  of 

*  N.  Y.  A«r.  Exp.  Sla.  Teeh.  Bui.  No.  26.    1012. 
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milk-eerum.    The  following  fonn  of  statement  furnishes  a  clear 
sommaiy  of  the  facts: 

1.  Ifflk    oolutitiienti    in    2.  Milk  oamtiiuente  partly  3.  Milk  oonsiitaenti  entirely 

trae  section  in  milk        in  solution  and  partly  in  in  suapenaion  or  eoOoidal 

MTum:                                  Buspenaion  or  ooQoidal  aohition: 

solution: 

(a)  Sugar.  (a)  Albumin.  (a)  Fat. 

(b)  Potassium.  (b)  Inoiganic  phos-     (b)  Caseiii. 

(c)  Sodium.  phates. 

(d)  Chlorine.  Ic)  Calcium. 

(d)  Magnesium. 

(e)  Citrates. 

FBOPBETIBfi  AND   COlfPOSmON  OF  PORTION  OF  MILK  IN  SUS- 
PENSION OR   COLLOIDAL  SOLUTION. 

Some  of  the  constituents  of  milk  are  suspended  in  the  fonn  of 
solid  particles  in  such  an  extremely  fine  state  of  division  that  th^ 
pass  through  the  pores  of  filter-paper  and  they  do  not  settle  as  a 
sediment  on  standing,  but  remain  permanentiy  afloat.  They  can 
not  be  seen  except  by  ultra-microscopic  methods.  When  substances 
are  in  such  a  condition,  they  are  said  te  form  a  colloidal  solution. 
In  passing  milk  through  the  Pasteur-Chamberland  filtering-tube, 
the  constituents  in  suspension  as  solid  particles,  and  in  colloidal 
solution,  are  retained  in  a  solid  mass  on  the  outside  of  the  tube  and 
can  therefore  be  readily  obtained  for  study. 

(1)  Appearance. —  When  prepared  by  the  method  of  filtration 
previously  described,  the  insoluble  portion  of  fatrfree  milk  collecting 
on  the  outside  of  the  filtering-tube  is  grayish  to  greenish  white  in 
color,  of  a  glistening  appearance  and  gelatinous  consistency.  When 
dried  without  purification  by  treatment  with  alcohol,  ete.,  it  r^ 
sembles  in  appearance  dried  white  of  egg. 

(2)  BehamoT  with  water. —  This  deposit  of  insoluble  milk-con* 
stituents  on  the  outside  of  the  filtering-tube,  when  removed  and 
shaken  vigorously  in  a  flask  with  distilled  water,  goes  into  suspension 
and  the  mixture  has  the  opaque,  white  appearance  of  the  original 
milk.  The  deposit  is,  of  course,  more  or  less  mixed  with  adhering 
soluble  constituents  but  can  be  readily  purified  by  shaking  with 
distilled  water  and  filtering  several  times.  The  purified  material 
goes  readfly  into  suspension  on  shaking  with  water  and,  if  treated 
with  a  preservative,  will  remain  indefmitely  without  change  other 
than  the  separation  of  fat-globules.  It  has  been  held  by  some 
that  the  citrates  of  milk  perform  the  function  of  holding  the  insoluble 
phosphates  in  suspension,  but  this  is  not  supported  by  the  bdiavior 
of  the  insoluble  portion  shown  in  our  expenments. 

(3)  ReacUan. — A  suspension  of  the  insoluble  constituents  of  milk, 
prepared  in  the  manner  described  above,  is  alkaline  to  phenolph- 
thalein.  We  purified  the  deposit  obtained  from  1000  c.c.  of  milk  and 
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made  a  suspension  of  it  in  water;  it  was  found  to  be  neutral  to 
phenolphthalein  before  the  addition  of  10  c.c.  of  neutral  solution  of 
potassium  oxalate,  but  after  the  addition  of  neutral  potassium 
oxalate  it  developed  a  strongly  alkaline  reaction  to  phenolphthalein. 
We  interpret  this  behavior  to  mean  that  the  insoluble  portion  of 
goat's  milk  contains  an  alkaline  phosphate,  which,  being  insoluble, 
does  not  affect  the  indicator;  but  the  addition  of  a  solution  of  neutral 
potassium  oxalate  decomposes  the  insoluble  phosphate,  resulting 
in  the  production  of  soluble  tri-potassium  phosphate,  which  reacts 
alkaline  to  phenolphthalein,  as  will  be  shown  more  clearly  later 

(p.  10). 

(4)  Composition. —  As  shown  in  Table  I,  the  insoluble  portion  of 
goat's  milk  contains  fat,  protein,  inorganic  phosphates,  calcium  and 
magnesium.  The  fat  may  be  separated  from  the  other  constituents 
by  extraction  with  ether  or  by  removal  from  the  original  milk  through 
centrifugal  force  before  the  milk  is  filtered  through  the  porous 
porcelain  tubes.  We  have  previously  shown  that  albumin  may  be 
adsorbed  to  some  extent  by  casein^  and  thus  partly  retained  on 
the  filter.  In  view  of  these  conditions,  our  studies  have  been  limited 
to  the  acids  (casein  and  phosphates)  and  the  bases  (calcium  and 
magnesium)  present  in  this  portion  of  the  milk. 

(5)  Rdakon  between  bases  and  adds  in  the  insoluble  portion  of 
goat's  milk. —  In  order  to  bring  out  clearly  the  relation  existing 
between  the  bases  and  the  acids  in  the  insoluble  portion  of  the 
milk,  we  have  prepared  tables  II  and  III.  Table  II  is  obtained  from 
the  figures  in  Table  I,  and  Table  III  is  obtained  by  converting  the 
percentage  figures  of  Table  II  into  gram  equivalents  per  100  c.c.  of 
milk.  In  making  these  calculations,  we  have  considered  the  casein 
of  goat's  milk  to  be  octavalent,  one  gram  combining  with  9  x  10-* 
gram  equivalents  of  base  to  form  a  compound  neutral  to  phenolph- 
thalein (page  4).  The  figures  for  inorganic  phosphorus  are  obtained 
by  subtracting  the  amount  of  phosphorus  in  the  casein  (0.71  per  ct.) 
from  the  total  phosphorus. 

TaBLB  n. —  AMOtTNTB  OF  CaSEIN,  iKOROAinC  PHOSPHORUS,  ClTRIC  AciD,  CALGIUlf 
AND  MAONSSnTH  IN  THB  INSOLUBLE  PoRHON  OF  GoAT'b  MiLK. 


NuuBBB  OF  Sample. 

Casein. 

Inorganic 
phosphorus. 

Citric 
acid. 

Calchim. 

Magnesium. 

1 

Perct. 
2.17 
2.25 
2.01 
1.70 

Perci. 
0.0551 
0.0357 
0.0328 
0.0308 

Perct. 
0.0316 
0.0163 
0.0429 
0.0152 

Perct. 
0.1218 
0.0966 
0.0889 
0.0770 

Perd. 
0.0076 

2 

0.0080 

3 

0.0078 

4 

0.0092 

*  N.  Y.  Agr.  Exp.  Sta.  Tech.  Bui.  No.  39,  p.  7.    1914. 


New  York  Agricultural  Experiment  Station. 


375 


TifiLB  in.-~AMOT7KTB   OF  ACIDB  AND  BaSBS  IN  TaBLI   II  EZPBBSUD   As  GrAM 

Equivalbntb  Peb  100  C.C.  of  Milk. 


KuMBBB  OF  Sample. 

Casein  as 

octavalent 

acid. 

Phosphorus 
as  di-basic 
acid 

Citric  acid 

as  tri-basic 

add. 

Sum  of 

values  of 

adds. 

1 

19.6  X  10-* 
20.3  X  10-* 
18.1  X  10-* 
15.3  X  10-* 

35.5  X  10-* 
23.0  X  10-* 
21.2  X  10-* 
19.9  X  10-* 

4.9  X  10-* 
2.5  X  10-* 
6.7  X  10-* 
2.4  X  10-* 

59.9  X  10-* 

2 

45  8  X  10-* 

3 

46.0  X  10-* 

4 

37  6  X  10-* 

NuMBBB  OF  Sample. 

Calcium. 

Magnesium. 

Sum  of 

values 

of  bases. 

Excess 

of 
base. 

1 

60.9  X  10-* 
48.3  X  10-* 
44.6  X  10-* 
37.2  X  10-* 

6.3  X  10-* 
6.7  X  10-* 
6.5  X  10-* 
7.7  X  10-* 

67.2  X  10-* 
55.0  X  10-* 
51.0  X  10-* 
44.9  X  10-* 

7.3  X  10-* 

2 

9.2  X  10-* 

3 

6.0  X  10-* 

4 

7.3  X  10-* 

The  last  column  of  Table  III  shows  that  the  amounts  of  bases  in 
the  insoluble  portion  of  goat's  milk  are  in  excess  of  the  amounts 
required  to  form  with  the  acids  that  are  present  salts  neutral  to 
phenolphthalein.  There  is  reason  to  believe  that  this  excess  of  base 
is  present  in  combination  with  the  phosphorus  in  the  form  of  tri- 
calcium  phosphate.  The  evidence  supporting  this  belief  is  furnished 
by  an  examination  of  the  insoluble  portion  of  goat's  milk  obtained 
by  separation  through  centrifugal  force  in  a  cream-separator.^ 

The  bowl  of  a  cream-separator  was  filled  with  fat-free  milk  (about 
1000  c.c.)  and  was  whirled  for  two  hours  at  a  speed  of  5000  revolu- 
tions a  minute.  The  liquid  portion  of  the  milk  was  then  taken 
from  the  bowl  and  the  deposit  {"  separator  slime ")»  which  had 
collected  on  the  walls  of  the  bowl,  was  removed,  treated  with  alcohol 
and  ether,  and  dried  in  the  manner  described  in  Technical  Bulletin  39 
of  this  Station.  The  same  liquid  portion  of  the  milk  was  again  placed 
in  the  separator-bowl  and  whirled  for  an  additional  two  hours, 
when  the  deposit  was  again  removed  and  treated  as  before.  After 
the  removal  of  the  second  deposit,  the  Uquid  portion  of  the  milk 
remaining  in  the  separator  was  nearly  as  clear  as  wh^,  since  most 
of  the  suspended  phosphates  and  casein  had  been  deposited  on  the 
waOs  of  the  bowl  during  the  whirling. 

» N.  Y.  Agr.'  E3q>.  Sta.  Tech.  Bui.  No.  39.    1914. 
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The  results  of  the  analysis  of  the  dried  deposit  obtained  after  each 
two-hour  period  of  whirling  are  given  in  Table  IV. 


Tabu  IV.—  Compobition 

OF  Insoluble  Pobtion  ("  Sbpabatob  Slooi  ") 
OF  Goat's  Milk. 

Dbfosit  FoBimD 
BT  Whibuno   Two 
2-Hoim  Pbbiods. 

c^ 

Total 

plios- 

pnorus. 

Phos- 
phorus 

in 
casein. 

Phos- 
phorus 
as  phos- 
phate. 

Calcium. 

Ratios  of 

organic  to 

insoluble 

inorgamo 

phosphoma. 

iBt  2  hours 

Peret, 
76.66 
73.17 

Perd, 
2.67 
2.69 

Perd, 
0.64 
0.63 

Perd, 
2.03 
2.06 

Perd. 
4.46 
4.40 

Dig.  P.:  In.  P. 
1  :  3.72 

2nd  2  houTs 

1  :  3.81 

Expressing  the  data  in  Table  IV  in  the  form  of  gram  equivalents 
per  100  CO.  of  milk,  we  obtain  the  figures  contained  in  Table  V. 


Tablb  y. —  Amounts  of  Acids  and  Babbs  in  Tablb  IV 

EQunrALBNTB  Pbb  100  C.C.  OF  Milk. 


EXFBSflSBD   AS    OkAM 


In  Ist  deposit. 
In  2nd  deposit. 


Casein  as 

gram 

equivalents 

of  acid. 


68.0X10-* 
66.9  X  10-' 


Phosphates 

as  gram 

equivalents 

(H  di-basio 

add. 


132.2  X  10-* 
132.8  X  10-« 


Sum  of  gram 
equivalents 

of  casein 
and 

phosphates. 


200.0  X  10-» 
108.7  X  10-« 


Oram 
equivalents 
of  calcium. 


226X10-* 
220X10-* 


of 
calchim  as 


equivalenti. 


26.0  X  10-« 
21.8  X  10-« 


These  figures  show  an  amount  of  calcium  in  excess  of  that  required 
to  form  salts  neutral  to  phenolphthalein  with  the  adds  present, 
casein  and  phosphoric  acid.  It  should  be  stated  here  that  these 
deposits  of  ''  separator  slime  "  contain  no  citric  add.  When  the 
deposit  is  suspended  in  water  in  the  presence  of  phenolphthalein, 
no  color  appears;  but,  if  a  cubic  centimeter  of  a  neutral  solution  of 
potassium  oxalate  is  added,  a  pink  color  appears,  becoming  more 
intense  after  standing  one  or  two  minutes.  The  most  obvious 
explanation  of  this  bdiavior  is  that  the  addition  of  potassium  oxa- 
late results  in  a  reaction  between  it  and  the  tri-caldum  phos- 
phate, tri-potassium  phosphate  bdng  formed  and  turning  the  iiidi- 
cator  pink. 
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THB  Acmrrr  of  goat's  hilk  anb  itb  berum. 

When  the  determination  of  the  acidity  of  goat's  milk  and  its 
serum  is  made  by  adding  neutral  potassium  oxalate  and  filtering 
previous  to  titration  according  to  the  method  recently  published  by 
us,*  results  are  obtained  as  given  in  Table  VI. 


Table  VI. —  The  Acmrnr  of  Goat's  Milk  and  Its  Sebum. 


NUMBBB  OF  SaMP&B.    ... 

NUMBBB    OF    G.G.  OF 

V   Alkau  Rbquibbd 
TO  Nbutbalub  100 

C.C.  OF 

Bdilk. 

1 

1.4 
3.0 
0.6 
0.3 
0.0 
0.0 

6  6 

2 

6  0 

3 

4.8 

4 

6.8 

6 

6.0 

« 

3.0 

There  is  observable  a  marked  difference  between  the  acidity  of  the 
whole  milk  and  that  of  its  serum.  This  condition  is  accounted  for 
by  the  following  explanation.  In  normal  goat's  milk,  which  is 
nearly  neutral,  there  is  present  in  suspension  di-calcium  phosphate; 
this  phosphate  in  the  presence  of  the  water  in  the  milk  undergoes 
more  or  less  decomposition,  for  according  to  the  work  of  Cameron 
and  Hurst  ^  water  in  contact  with  a  soUd  phase  containing  calcium 
I^osphate  dissolves  more  acid  than  base  from  the  solid  phase.  The 
result  of  this  action  is  that  the  insoluble  portion  of  the  milk  becomes 
more  basic  than  the  whole  milk,  as  shown  above,  while  the  soluble 
portion  becomes  more  acid.  When  the  soUd  and  liquid  portions  of 
milk  are  separated  by  treatment  on  a  porous  porcelain  filter,  the 
soluble  acid  passes  into  the  serum,  the  basic  compound  remaining  in 
the  insoluble  portion. 

In  determining  tiie  acidity  of  milk,  it  should  be  remembered  that 
the  presence  of  di-calcium  phosphate  furnishes  conditions  favorable 
to  tne  formation  of  acid  phosphate  and  tri-calcium  phosphate,  as 
shown  in  Technical  Bulletin  No.  37  of  this  Station,  pp.  4-5,  resulting 
in  an  increased  requirement  of  alkali  for  neutraUsation  and  apparently 
ft  higher  acidity  it  the  milk  is  titrated  directly.  For  this  reason  the 
lower  acidity  obtained  after  the  removal  of  calcium  by  neutral 
potassium  oxalate  is  believed  to  represent  the  real  acidity  of  the 
milk.    This  point  is  wdl  illustrated  by  the  following  figures: 

*  N.  Y.  Agr.  Ezp.  SU.    Tech.  Bui.  No.  87.    1914. 
'  Jour,  Amer.  Chan,  8oe.,  26:906.    1904. 
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Bamplb. 

NUMBEB     OF     C.C.     OF     ^ 

Alkau     Rbquibbd     to 

NBtPrBALMB  100  C.C.  OF 

Milk. 

Before 

addition 

of  neutral 

potassium 

oxalate. 

After 

addition 

of  neutral 

potaanum 

oxalate. 

NumlKir  1 ....trT.......TT..t.tt..t.«*« 

17.6 
21.0 
20.6 
25.6 
20.6 

1.5 

NumbflT  2 t  T .,  - , 

3.0 

Number  3 

3.2 

Numbfir  4 .,,...- 

8.0 

Number  5 ,.,..,,  ^ ..  - 1 ,, , 

1.4 

«     ■    » 


COMPOUNDS  IN  goat's  MILK. 

Based  on  the  results  of  our  study  of  the  compqsitibti  of  goat's 
milk,  the  following  arrangement  is  tentatively  suggeisted  as  repre- 
senting the  forms  in  which  the  constituents  may  be  present: 


Fat 

Milk-sugar 

Proteins,  combined  with  calcium, 
Salts: 

Di-calcium  phosphate 

Tri-calcium  phosphate 

Di-magnesium  phosphate . . . 

Tri-magnesium  phosphate. . . 

Mono-potassium  phosphate . 

Potassium  citrate 

Potassium  chloride 

Calcium  chloride 

Sodium  chloride 


Per  ct. 
3.80 
4.50 
3.10 


0.092 
0.062 
0.068 
0.024 
0.073 
0.250 
0.160 
0.115 
0.095 


per  ct. 
per  ct. 
per  ct. 
per  ct. 
per  ct. 
per  ct. 
per  ct. 
per  ct. 
per  ct. 


0.94 


Total  solids 


12.34 


III.   COMPARISON  OF  COMPOSITION  OF  COW'S  MILK, 

GOAT'S  MILK  AND  HUMAN  MILK. 

In  Technical  Bulletins  No.  39  and  No.  43  of  this  Station,  there 
are  given  statements  attempting  to  indicate  the  individual  forms  or 
compounds  in  which  the  salts  exist  in  cow's  milk  and  in  human  milk. 
The  same  has  been  done  for  goat's  milk  in  Part  II  of  this  bulletin. 
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It  is  a  matter  of  interest  to  bring  these  results  together  in  order  to 
see  in  what  respects  these  three  kinds  of  milk  differ.  It  is  understood, 
of  course,  that  the  arrangement  of  the  constituents  is  based  upon  a 
limited  amount  of  work;  we  know  tiiat  there  is  variation  in  the 
quantitative  relations  of  the  different  compounds.  There  remains 
much  work  to  be  done  in  applying  our  methods  to  the  study  of 
milks  produced  under  a  variety  of  known  conditions.  These  present 
results  are,  therefore,  presented  as  tentative  in  character  and  are 
likely  to  be  modified  by  more  extensive  work. 

Tablb  VI. —  Compounds  in  Cow's  Milk,  Goat's  Milk  and  Human  Milk. 


Compounds. 


Cow's 

Goat's 

milk. 

milk. 

Perd. 

Peret, 

3.90 

3.80 

4.90 

4.50 

3.20 

3.10 

0.901 

0.939 

0.176 

0.092 

0.000 

0.002 

0.103 

0.000 

0.000 

0.068 

0.000 

0.024 

0.000 

0.073 

0.230 

0.000 

0.052 

0.250 

0.222 

0.000 

0.000 

0.160 

0.000 

0.095 

0.119 

0.115 

HumsD 
milk. 


Fat 

Milk-Sugar 

ProteiDa  combined  with  calcium . 

Salts: 

Di-caldnim  phosphate 

Tri-calcium  phosphate , 

Blono-Diagiiesium  phosphate 
Di-magnesium  phoq>hate . . . 
Tri-magnesium  phosphate. . , 
Mono-potassium  phoq>hate. 
Di-potassium  phosphate . . . . 

Potassium  citrate 

Sodium  citrate 

Potassium  chloride , 

Sodium  chloride , 

Calcium  chloride , 


Peret. 
3.30 
0.50 
1.50 
0.313 
0.000 
0 
0 
0 
0 
0 
0 
0 
0 
0 


000 
027 
000 
000 
060 
000 
103 
055 
000 
0.000 
0.059 


In  the  preceding  table,  the  figures  which  have  special  interest 
are  those  relating  to  the  salts  and  we  notice  the  following  points 
in  relation  to  these  compounds: 

(1)  Phosphates,  (a)  Cow's  milk, — ^The  insoluble  phosphate  is 
di-calcium  phosphate;  tri-calcium  and  tri-magnesium  phosphates 
are  not  present.  The  soluble  phosphates  are  mono-magnesium  and 
di-potassium  and  they  constitute  about  two-thirds  of  the  total 
phosphates,  (b)  Goat's  miUc. — ^This  differs  from  cow's  milk  (1)  in  con- 
taining tri-calcium,  di-magnesium,  tri-magnesium  and  mono-potas- 
sium phosphates,  which  are  absent  from  cow's  milk,  and  (2)  in  con- 
taining no  mono-magnesium  or  di-potassium  phosphates,  which  are 
present  in  cow's  milk,  (c)  Human  miUc  differs  very  noticeably  from 
both  cow's  milk  and  goat's  milk  in  containing  no  insoluble  phosphates 
but  only  the  soluble  compounds,  mono-magnesium  and  mono- 
potassium  phosphates.  The  phosphates  in  human  milk  are  much 
less  in  amount  than  in  cow's  or  goat's  milk. 
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(2)  Citrates. —  AU  three  milks  contain  potassium  citrate,  while 
cow's  milk  and  hmnan  milk  contain  sodium  citrate  also,  but  goat's 
milk  does  not. 

(3)  Chlorides  are  present  in  goat's  milk  in  much  larger  amounts 
than  in  cow's  milk  or  human  milk;  the  amount  in  cow's  milk  is  con- 
siderably larger  than  in  human  milk.  In  cow's  milk  and  human 
milk  the  chloride  appears  to  be  calcium  chloride,  while  in  goat's 
milk  potassium  and  sodium  chlorides  are  also  present. 

(4)  The  total  amount  of  salts  in  human  milk  is  about  one-third 
that  in  cow's  or  goat's  milk.  The  number  of  different  salts  appears 
to  be  greatest  in  goat's  milk  and  least  in  human  milk. 
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ANALYSES  OF  GOAT'S  MILK. 

As  a  contribution  to  our  knowledge  of  the  general  composition  of 
goat's  milk  and  as  a  matter  of  convenience  for  future  reference,  we 
appoid  the  results  of  analjrsis  made  by  us  in  case  of  23  samples 
obtained  from  11  different  goats. 


NuMBBB  OF  Goat. 

Date 
of 

millrinar 

Speeifio 
gravity. 

Fat. 

Total 
BolicLi. 

■ 

Casern. 

Aah. 

6 

Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 
Aug.  2 
Aug.  4 
Aug.  9 

1.0209 
1.0209 
1.0264 
1.0280 
1.0278 
1.0286 
1.0278 
1.0286 
1.0280 
1.0287 
1.0282 
1.0286 
1.0294 
1.0295 
1.0298 
1.0274 
1.0266 
1.0275 
1.0354 
1.0359 
1.0322 
1.0294 
1.0300 
1.0287 
1.0293 
1.0294 
1.0303 
1.0314 
1.0336 
1.0303 
1.0300 
1.0296 
1.0310 

Peret. 
3.7 
4.0 
3.7 
2.5 
2.5 
2.7 
3.8 
3.8 
3.9 
3.0 
2.6 
3.0 
3.4 
3.1 
3.4 
2.4 
2.2 
2.4 
3.6 
3.8 
5.6 
2.2 
1.8 
3.0 
2.8 
2.8 
3.4 
7.8 
6.0 
8.4 
6.3 
6.0 
6.5 

Perd, 
11.43 
11.93 
11.47 
10.18 
9.91 
10.49 
11.42 
11.54 
11.80 
10.56 
10.23 
10.73 
11.53 
11.08 
11.11 
9.61 
9.22 
9.66 
13.73 
14.51 
15.18 
10.29 
9.90 
10.23 
11.18 
10.95 
11.79 
17.63 
16.17 
18.55 
15.47 
15.23 
16.13 

Peret, 
2.87 
2.86 
2.88 
2.55 
2.24 
2.48 
2.58 
2.58 
2.57 
2.54 
2.37 
2.48 
3.03 
2.78 
2.77 
2.50 
2.27 
2.34 
4.74 
521 
4.15 
308 
2.98 
2.88 
3.26 
3.30 
3.33 
4.96 
4.95 
4.83 
3.83 
3.70 
3.94 

Peret, 
2.10 
2.08 
2.13 
1.90 
1.56 
1.64 
1.95 
1.83 
1.71 
1.78 
1.56 
1.66 
2.12 
2.00 
1.83 
1.86 
1.56 
1.59 
3.78 
3.82 
3.26 
2.32 
2.26 
2.13 
2.64 
2.54 
2.48 
4.06 
4.02 
3.85 
3.14 
2.90 
3.07 

PereL 
0.51 

5 

0  44 

5 

0.49 

6 

0.52 

6 

0  44 

6 

0.48 

7 

0  56 

7 

0.51 

7 

0.57 

8 

0.57 

8 

0.50 

•8 

0.49 

9 

0.57 

0 

0.54 

0 

0.51 

11 

0.45 

U 

0  51 

11 

0  43 

12 

0.65 

12 

0  56 

12 

0  53 

15 

0  50 

15 

0.52 

15 

0.53 

16 

0  55 

16 *** 

0  40 

0  61 

20 

0  76 

0  73 

20 

0  80 

0  70 

23 

0  59 

23 

0  68 

1.0294 

3.82 

12.12 

3.21 

2.40 

0.55 

The  data  indicate  a  wide  variation  in  composition.     Animals 
Noe.  20  and  23  were  well  along  in  lactation. 
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REPORT  OF  THE  DEPARTMENT  OF 

ENTOMOLOGY. 


THE  STATUS   OP  SPRAYING  PRACTICES  FOR 

THE  CONTROL  OF  PLANT  LICE  IN 

APPLE  ORCHARDa*t 

p.  J.  PARROTT  AND  H.  E.  HODGKISS 

SUMMARY. 

The  foliage  and  fruit  of  apple  trees  in  New  York  are  subject  to 
attack  by  three  species  of  plant  lice,  which  are  the  rosy  apple-aphis 
(AfJds  sorbi  Ealt.)»  the  green  apple^phis  {Aphis  pond  De  Geer), 
and  the  oat  aphis  {Aphb  aotmae  Fab.).  All  are  injurious  to  apples, 
bat  ttie  two  former  normally  cause  the  greatest  losses  in  crop 
prodttction. 

The  species  show  differences  in  habits  and  structures,  while 
from  the  standpoint  of  orchard  economy  they  display  marked  simi- 
larities in  their  injurious  activities.  Eggs  are  laid  principally  during 
October  and  November  on  succulent  twigs,  in  crevices  in  tiie  bark 
or  at  the  bases  of  the  buds.  As  buds  begm  to  expand  during  the 
latter  part  of  April  the  eggs  hatch,  and  the  young  aphides  seek  the 
green  ends  of  the  opening  buds.  During  1913  and  1914  obser- 
vations showed  that  the  newly-hatched  lice  of  the  different  species 
appeared  simultaneously  during  the  period  of  the  swelling  and 
breaking  of  the  buds  and  until  the  buds  were  nearly  open  at  the 
tips.  As  opportunity  is  aftxrded  ttie  ioaeots  work  into  the  interior 
of  tiie  buds  and  seek  the  protection  given  by  the  haixy  growth  of 
tiie  unfolding  leaves  and  rudimentary  blossom  structures.  The 
stem-mothers  mature  about  the  time  of  blossoming  and  during 
favorable  seasons  the  production  of  lice  thereafter  may  be  very 
rapid.  The  first  brood  causes  injuries  to  unfoldmg  leaves  and 
immature  blossom  parts  proportionate  to  their  numbers,  but  the 
greatest  injury  to  the  crop  usually  occurs  during  the  period  coin- 
cidental with  the  life  events  of  blossoming,  setting  of  fruit  and  the 
growth  of  the  young  ^»ples  until  they  are  the  size  of  walnuts.  After 
producing  several  generations  on  apples,  the  rosy  aphis  and  oat 

*  AIm  presented  m  wsentiab  before  the  New  York  State  Fmit  Qrowens'  Aasoeiatioo, 
Hoehester.  New  York,  January  6. 1915. 
t  A  reprint  of  Bulletin  No.  402,  April,  1915. 
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aphis  develop  winged  foimsy  wliich  seek  other  plants  as  summer 
hosts.  The  green  aphis  lives  on  apple  trees  all  ttie  year,  breeding 
continually  during  the  summer,  preferring  water  sprouts.  In  occa- 
sional years  it  develops  to  injurious  numbers  during  late  summer. 

Injuries  from  plant  lice  result  chiefly  from  the  extraction  of  plant 
juices  by  the  insects  which  feed  upon  the  foliage  and  fruits.  The 
work  at  the  aphides  during  May  and  June  is  especially  destruct^ 
since  it  occurs  during  the  period  when  fruit  buds  are  forming  and 
when  the  vigor  of  the  trees  is  also  required  for  the  development  of 
the  young  apples  of  the  current  season's  crop.  If  favorable  con- 
ditions exist  for  rapid  increase  of  pests  the  leaves  become  curled 
and  the  development  of  young  fruit  is  checked.  During  prolonged 
outbreaks  the  injured  leaves  turn  brown  and  drop,  causing  more 
or  less  extensive  defoliation.  The  fruits  fail  to  increase  in  size 
and  cling  tightly  to  the  twigs,  forming  **  cluster  "  apples. 

Efforts  to  protect  bearing  apple  orchards  from  plant  lice  are,  as  a 

rule,  failures.    Experiments  by  this  Station  in  recent  years  indicate 

that  the  most  effective  and  satisfactory  means  of  protecting  the 

young  fruit  during  its  formative  stage  is  the  destruction  of  tiie 

plant  lice  on  the  expanding  buds.    The  most  efficient   spraying 

mixtures  are  nicotine  solution,  oil  emulsions  or  soap  preparations. 

The  physical  features  of  the  location  of  the  orchard,  such  as  the 

direction  and  elevation  of  the  slopes  of  the  land,  proximity  of  water 

and  character  of  soil,  have  a  marked  influence  on  the  development 

of  the  buds.    The  time  for  effective  spraying  will  therefore  vaxy 

with  individual  orchards  as  well  as  with  different  varieties  cf 

apples. 

INTRODUCTION. 

The  intensiye  culture  of  the  apple  has  brought  about  conditions 
that  have  proven  exceedingly  favorable  to  injurious  insects,  certain 
of  which  have  acquired  great  vigor  and  assumed  a  very  dangerous 
character.  In  this  category  are  the  leaf*  and  fruit-infesting  aphides 
which,  on  the  basis  of  their  destructive  activities  during  the  past  ten 
years,  can  no  longer  be  overlooked  when  considered  in  the  light  of 
the  permanent  prosperity,  extension  and  normal  development  of 
apple  growing  in  New  York.  These  pests  were  the  subjects  of 
discussion  in  Circular  23  of  this  Station,  and  some  considerations 
in  this  account  cover  somewhat  the  same  ground.  The  problems 
are  of  perennial  interest,  and  before  the  mass  of  growers  will  learn 
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to  make  much  headway  with  new  practices,  matters  of  this  character 
aod  importance  must  necessarily  be  discussed  and  reconsidered  in 
the  light  of  each  season's  experience.  The  proper  spra3ring  of 
orchards,  with  its  varied  details,  is  moreover  alwa3rs  a  live  subject 
for  discussion,  regarding  which  the  grower  should  desire  annually  to 
renew  his  store  of  knowledge,  because  of  the  constant  gains  in  in- 
formation of  Ufe  histories  and  habits  of  economic  species  and  progress 
in  improved  methods  of  control. 

The  subject  is,  for  the  sake  of  deamess,  considered  under  the 
following  headings: 

1.  Species  of  plant  lice  injurious  to  apple  foliage  and  fruit. 

2.  Mode  of  attack  and  results. 

3.  Stages  susceptible  to  insecticides. 

4.  Station's  experiments  and  conclusions  on  methods  of  control. 

5.  Comparison  of  Station's  conclusions  with  spraying  practices  in 
other  apple-growing  sections. 

6.  Spraying  mixtures  and  recommendations. 

In  planning  this  outline  the  chief  purpose  is  to  emphasize  certain 
knowledge  and  principles  which  are  at  the  basis  of  any  rational,  and 
it  is  to  be  hoped,  successful  effort  to  control  these  pests.  The  dis- 
cussion will  prove  helpful  if  the  information  given  is  brought  to  bear 
in  spraying  operations  according  to  the  peculiarities  of  the  circum- 
stances and  location  of  each  orchardist. 

SPECIES  INJURIOUS  TO  APPLE  FOLIAGE  AND  FRUIT. 

The  qpedes  of  plant  lice  that  attack  apple  foliage  and  fruits  in 
New  York  are  the  rosy  apple-aphis  (Aphis  sorbi  Kalt.),  the  green 
apple-aphis  {Apkia  pomi  De  Geer),  and  the  oat  aphis  (Aphis  avena 
Fab.).  All  three  species  are  injurious,  but  the  two  former  cause  the 
greatest  damage  to  apple  trees.  These  insects  are  briefly  character- 
ized as  follows: 

Rosy  aphis. —  This  is  a  very  common  and  widespread  species 
in  the  leading  apple-growing  sections  of  the  United  States.  Its  eggs 
are  deposited  in  the  autumn  in  depressions  or  creases  of  the  bark, 
especiaQy  about  the  buds,  and  according  to  Sanderson^  the  insect 
may  place  more  of  its  eggs  upon  the  trunk  and  less  numbers  on  the 
twigs  than  other  species.  -In  early  spring  the  young,  palo-colored 
nymphs  hatch  from  the  eggs  and  assemble  preferably  on  the  foliage 

iSttidenoiii  E.  D.,  Dd.  Expt.  Sta.  Rpt.  13: 156, 1902L 
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surroundiog  &  fraiffe  duster,  deforming  ai&d  injuring  bodi  leaves  and 
fruit.  The  species  varies  greatly  in  odor,  from  greenish-blue  pul- 
verulent females  hatching  from  the  eggs  to  more  or  less  piakidi 
forms  in  subsequent  broods.  The  stem^mothers  mature  about  tbe 
middle  of  May  or  about  the  time  of  blossoming  of  the  trees.  During 
favorable  conditions  the  development  of  the  insects  from  this  period 
may  be  very  rapid,  and  about  three  generations  of  this  species 
occur  before  the  middle  of  June.  Usually  by  the  first  week  in  July 
in  New  Yoijc  the  lice  leave  the  apple  trees  for  their  summer  hosts, 
among  which,  according  to  Mr.  W.  A.  Ross,  of  Canada,  are  certain 
species  of  plantains.^  The  insects  do  not  appear  again  until 
autumn  when  winged  females  seek  the  trees  for  the  purpose  ot  pro- 
ducing sexed  individuals. 

Oreen  apple-<»phis. —  As  witii  the  preceding  speoies  the  eggs  are 
laid  principally  during  October  and  Novemb^  in  furrows  or  crev- 
ices of  the  bark  of  succulent  twigs  or  at  the  bases  of  the  bods.  As 
the  buds  begin  to  expand  daring  the  latter  part  of  April,  the  Itoe  hatch 
and  make  their  way  in  large  numbers  to  the  green  ends  of  the  opening 
buds.  At  bnrth  the  creatures  are  of  a  very  dark  green  oolor,  but  they 
become  lighter  as  they  attain  fuU  size.  The  a^^des  are  at  first  wing- 
less, but  about  the  first  week  in.  June  in  western  New  York,  or  two 
weeks  later,  in  the  mc»e  northern  ap^de  districts^  winged  females  make 
their  appearance,  which  migrate  to  other  trees  and  extend  the  in- 
festation. Winged  and  wingless  females  develop  on  the  trees  through- 
out the  summer  and,  in  favorable  years  for  the  breeding  of  the  in- 
sects, brood  after  brood  appears,  each  in  turn  producing  other  l»roods 
and  giving  rise  to  miUions  of  these  destructive  pests.  In  November 
sexual  forms  of  the  lice  appear  on  the  trees.  The  male  apiiides  are 
very  small,  peaiHihaped,  wingless  creatures  and  are  browniab,  or  pink- 
ish in  color.  The  egg-laying  females  axe  win^eas  and  gre^i  in  color. 
Both  viviparous  females  and  the  sexual  individuals  may  be  found  on 
apple  foliage  wA  into  late  autumn. 

OatrapkU. —  This  speoies  is  mueh  smaller  in  si^e  than  the  green 
apple-aphis  and  is  lighter  in  color.  The  eggs  are  found  on  both 
apple  and  pear  trees,  and  they  hatch  as  the  buds  are  expanding  in 
the  spring.  Two  or  three  genemticms  of  the  femidee  may  develop 
on  the  trees,  after  which  the  lice  migrate  to  grains  or  grasses  where 

'From  a  letter  by  Dr.  C.  Gordon  Hewitt.  Chief  of  Division  of  Entomolocy, 
Ottawa,  Canada,  dated  Januaiy  16,  1916^ 
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tliqr  bnfid  UDtil  the  autumn.  At  that  period  winged  femaloiinigrate 
to  apple  or  pear  treee  where  sexual  individuals  soon  appear  and  de- 
poat  eggs,  which  do  not  hatch  until  the  spring.  The  lice  usually  dis- 
appear from  bearing  fruit  trees  before  severe  injuries  occur,  but  in 
nuraeiy  plantings  the  foliage  is  often  badly  curled  by  the  attacks  of 
the  aphis. 

MODE  OF  ATTACK  AND  RESULTS  ON  PLANT. 

Injuries  from  plant  lice  result  chiefly  from  the  extraction  of  plant 
juices  by  ^e  insects  which  feed  upon  the  foliage  and  fruits.  In  spite 
of  their  small  die  they  are  capable  of  doing  as  great  damage  as  much 
laiger  species  of  insects,  which  may  be  explained  by  their  peculiar 
habits.  In  the  first  place  the  potential  rate  of  reproduction  with  these 
creatures  is  high,  and  when  conditions  are  favorable  for  thdr  various 
activities  they  multiply  ra^ndly  and  soon  reach  prodigious  numbers. 
Far  from  circulating  from  1^  to  leaf,  the  apterous  or  win^ess 
forms  are,  on  the  contrary,  quite  sedentary  and  live  in  colonies,  the 
individuals  in  each  assembk^  being  packed  one  against  the  other. 
They  remain  fixed  on  the  same  spot,  with  their  rostra  or  suddng  bills 
thrust  in  the  foliage  and  fruit,  from  which  they  extract  the  juices 
of  the  delicate  tissues.  This  irritation  destroys  the  invaded  plant 
eells  and  leads  to  a  diseased  state,  which  shows  itself  by  the  curling 
of  the  leaves  and  the  characteristic  d^ormation  and  dwarfing  of  the 
apples.  Ehren  if  the  fruit  is  not  attacked  the  apples  may  be  small 
and  misshapen  because  of  injuries  to  adjacent  leaves.  In  the  period 
immediately  after  blossoming,  a  few  lice,  strangely  enough,  suffice  to 
leave  their  destructive  impress  on  the  clusters  of  apples  and  appear 
to  be  c^Mible  of  inflicting  greater  harm  than  if  the  attacks  were  made 
at  a  later  date.  Why  the  early  infestation  by  the  pests  is  attended 
with  more  serious  conseqil^ices  than  are  later  invasions  has  not  been 
satisfactoarily  e3q)lained,  but  the  injury  is  apparently  correlated  with 
the  moisture  supply  to  the  fruits  at  their  formative  stage.  In  the 
period  just  following  the  dropping  of  the  blossoms,  the  energy  of  the 
plant,  so  far  as  the  development  of  the  fruit  is  concerned,  is  directed 
primarily  to  the  proper  nourishment  of  the  growing  seeds  and  the  ad- 
jacent parts.  After  two  or  three  weeks  the  form  of  the  fruit  be- 
comes fixed  and  is  not  noticeably  influenced  by  the  moisture  supply 
thereafter.  It  goes  without  saying  that  myriads  of  plant  lice  must 
make  a  serious  drain  on  the  vital  fluids  of  the  fruit  spurs.    The  dimin- 
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ishcd  supply  and  retaidation  of  circulation  at  the  most  critical  period 
in  the  development  of  the  young  fruit  would  necessarily  produce  great 
physiological  disturbances,  and  these  are  probably  the  chief  factors 
responsible  for  the  deformed  and  undersized  fruits  that  so  frequentiy 
accompany  early  and  severe  outbreaks  of  plant  Uce  in  apple  orchards. 

SUSCEPTIBILITY  OF  CERTAIN  STAGES  TO 
SPRAYING  MIXTURES. 

During  the  progress  of  their  life  cycle  the  apple  aphides  are  at 
various  periods  vulnerable  to  applications  of  spraying  mixtures.  As 
a  result  several  methods  of  spraying  have  been  developed  which  are 
based  on  susceptibiUties  of  certaLn  stages  of  the  insects  to  particular 
insecticides.    The  chief  points  of  attack  in  the  life  of  the  aphides  are: 

1.  In  the  winter  or  egg  stage. 

2.  As  ^gs  are  hatching  and  the  lice  assemble  on  the  green  ends 
of  opening  buds. 

3.  At  time  of  maturing  of  stem-mothers  and  first  appearance  of 
their  young. 

4.  At  time  of  appearance  of  fall  migrants  and  egg-laying  females 
on  apple  trees. 

We  may  now  inquire  into  the  conditions  under  which  the  aphides 
are  amenable  to  spraying  at  these  respective  stages,  considering  the 
foregoing  points  in  the  order  as  given. 

(1)  SusceptibilUy  of  aphis  eggs  to  spraying  mixtures. —  Since  the 
^;g8  of  these  aphides  carry  the  insect  through  the  winter  they  are 
considered  by  some  writers  a  very  vulnerable  stage  in  the  life  of 
the  insect.  This  beUef  is  foimded  on  the  occurrence  of  the  eggs  of  oe^ 
tain  species  in  large  numbers  in  exposed  positions  on  the  young  wood, 
and  especially  on  the  results  of  some  experiments,  which  need  coi^ 
roboration,  that  indicated  that  the  ova  were  susceptible  to  various 
insecticides  as  lye,  soap,  oil  emulsions  and  limensulphur  solution.  The 
advantages  from  this  method  of  treatment,  if  it  would  stand  the  test^ 
are  the  ease  of  thorough  spraying  because  of  freedom  from  interfer- 
ence from  foliage  and  the  destruction  of  the  pests  at  the  very  outset, 
which  effectually  checks  the  multipUcation  of  the  lice,  and  in  that 
event  prevents  early  infestation  of  the  leaf  and  fruit  clusters.  While 
the  egg^  of  at  least  certain  species  of  aphides  are  amenable  to  spray- 
ing it  is  by  no  means  certain  that  the  ova  of  the  apple  aphides  in 
New  York  are  susceptible  to  insecticides.    In  tests  by  the  Geneva 
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Staticm  in  nuisery  blocks  and  in  orchards  of  young  apples  the  eggs 
of  the  green  aphis  were  somewhat  vulnerable  to  lime-sulphur  prep- 
arations and  oil  emulsions,  while  in  repeated  spraying  operations  in 
dd-bearing  apple  orchards  applications  of  these  insecticides  to  kill 
aphis  eggs  have  proven  of  doubtful  utility.  The  greater  immunity 
of  the  eggs  on  old  trees  we  have  not  been  able  to  explain  satisfac- 
torily except  on  the  supposition  that  more  or  less  numbers  of  the 
eggs  are  protected  by  rough  bark,  and  the  great  size  of  the  trees 
makes  thoroughness  of  spraying  difficult. 

(f)  Spraying  for  newly-hatched  lice  on  opening  bride. —  As  pre- 
viously indicated,  the  Uce  on  hatching  make  their  way  from  the  posi- 
tions where  the  ^gs  are  deposited  to  the  buds  that  are  expanding  and 
Aow  green  at  the  ends.  This  habit  serves  the  insects  two  good 
purposes.  First,  the  green  tissues  furnish  the  initial  means  of  sub- 
sistence, and  secondly  the  folds  of  the  expanding  leaves  are  the  first 
to  provide  positions  of  concealment,  as  the  creatures  prefer  cover  for 
their  destructive  activities.  This  behavior  of  the  insects  is  of  special 
iat^iest  to  the  one  attempting  to  combat  them,  since  the  effect  of 
this  early  movement  is  to  mass  the  insects  on  certain  buds,  where 
for  a  number  of  da3rs  they  occupy  positions  that  render  them  very 
susceptible  to  spraying  mixtures.  It  is  well  within  the  bounds  of 
truth  to  state  that  in  no  other  stage  of  their  lives  are  they  so  vul- 
nerable to  remedial  measiuies.  The  lice  are  young  and  tender,  and 
unlike  the  ^gs  or  mature  lice  they  offer  very  feeble  resistance  to 
common  contact  insecticides.  As  the  newly-hatched  lice  are  the 
progenitors  of  the  many  broods  that  are  to  come,  it  follows  that  the 
destruction  of  the  lice  on  the  expanding  buds  is  a  desirable  achieve- 
ment. Actual  experience  has  shown  that  this  is  the  most  effective 
and  satisfactory  means  of  avoiding  injuries  as  the  operation  for  the 
most  part  protects  the  foliage  and  the  young  fruit  in  its  formative 
or  most  delicate  stage. 

(S)  Spraying  for  etem^moihere  and  their  young, —  Individuals  of 
these  stages  are  susceptible  to  contact  sprays.  Production  of  young 
fay  the  stem-mothers  occurs  during  the  period  extending  from  the 
appearance  of  color  in  the  unopened  blossoms  to  the  dropping  of 
the  petals.  A  serious  drawback  to  spraying  at  this  advanced  season 
is  that  more  or  less  numbers  of  the  leaves  may  be  rolled,  and  if 
infestation  is  severe  and  the  leaves  are  badly  curled  most  fruit 
growers  fail  to  derive  any  benefit  from  their  spraying  operations 
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because  of  the  difficulty  in  reaching  appreciable  numbers  of  the 
insects. 

(4)  Destruction  of  faU  migrants  and  egg4a9ing  females. —  These 
stages  of  the  insect  have  received  little  attention  as  regards  their 
susceptibilities  to  spraying  mixtures.  The  object  to  be  attained  by 
the  destruction  of  fall  migrants  and  egg-laying  females  is  that  timelh^ 
spraying  would  prevent  oviposition.  If  no  eggs  were  laid  on  the  trees 
there  would  be,  according  to  our  present  state  of  knowledge*  no  in- 
sects diuing  the  following  spring  and  early  summer  to  infest  the  frait 
and  leaf  clusters.  It  is  desired  to  record  at  this  time  that  the  Geneva 
Station  has  been  working  along  this  line,  and  whenem  the  appli- 
cations have  been  carefully  timed  deposition  of  eggs  has  been  eooi- 
pletely  prevented.  Satisfactory  control  of  the  insects  by  spraying 
at  this  season  is  however  attended  by  practical  difficulties,  which 
are  not  likely  to  prove  easy  for  the  commercial  grower  to  ovarcame. 

STATION  EXPERIMENTS. 

The  work  of  the  Geneva  Station  against  apple  aphides  may  be 
discussed  under  two  headings:  The  Statios^s  Experiments  and  Fa^ 
mers'  Co-operative  Experiments.  Through  the  oourteqr  oi  Com* 
missioner  Calvin  J.  Huson,  the  latter  were  largely  under  the  imme- 
diate supervision  of  Mr.  L.  F.  Strickland,  nursery  inspector  for 
Niagara  coimty,  and  Mr.  A.  B.  Buchhols,  nursery  inspector  for 
Orleans  county.    These  various  activities  are  briefly  summariacKl  as 

follows: 

the  station's  experiments. 

Preliminary  experiments. —  From  1905  to  1911  a  series  of  experi- 
ments with  a  large  number  of  spraying  mixtures,  singly  or  in  ccmbi* 
nation,  were  conducted  in  the  orchard  of  Mr.  J.  S.  Beckwith*  New 
Haven,  Oswego  County,  and  in  the  various  plantings  d  apiries  on  the 
Station's  grounds  to  determine  under  what  conditions  the  aphides 
were  most  amenable  to  spra3dng.  The  results,  in  brief ,  demonstrated 
the  great  difficulty  of  accomplishing  much  of  value  when  many 
of  the  leaves  were  curled,  because  of  the  difficulty  of  reaehing  the 
greater  proportion  of  the  lice,  and  the  inability  ot  the  yoimg  apples 
that  were  attacked  early  to  recover  from  the  injuries  received. 
The  conclusion  drawn  from  our  experiments  was  that  if  any  i^ 
benefit  is  to  be  derived  by  spraying,  the  applications  should  be  made 
before  the  *'  baby  "  apples  have  sustained  any  injuries;  either  by 


Pun  XXII. —  WoBs  or  the  Robt  Aphis. 
l,Coloiiy  on  UDder  EurfaM  of  leaf;  2,  Apple  deformed  m  result  of  sphw  work. 
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spimying  when  the  biids  are  breaking  and  the  lice  are  assembled  on 
the  green  tips,  or  by  q^raying  about  the  time  of  the  matiuing  of  the 
creatures  just  hetore  or  after  blossoming.  Succeeding  efforts  were, 
therefore,  largely  directed  in  ascertaining  the  relative  susceptibilitieB 
of  these  stages  in  the  life  of  the  aphides  to  spraying  mixtiures. 

BgpmmgniM  during  191S. —  During  this  year  seven  experiments 
were  made  in  apple  orchards  of  the  following  growers: 

Frank  E.  Bacon,  Albion,  400  trees,  45  years. 
Lynn  M.  Burrows,  Albion,  269  trees,  30  years. 
John  Larwood,  Albion,  350  trees,  45  years. 
Hany  B.  Gibson,  Albion,  98  trees,  37  years. 

160  trees,  20  years. 
Willis  Weaver,  Kent,  200  trees,  43  years. 
William  Bugbee,  Gasport,  180  trees,  40  years. 
Chas.  Dunkelberger,  Gaqx>rt,  396  trees,  30-45  years. 

These  plantings  were  sprayed  on  April  25  and  26,  at  which  time 
the  blossom  buds  were  showing  green  at  the  tips  and  were  thickly 
covered  with  lice,  especially  the  oat  aphis.  A  nicotine  prepaiaticm, 
40  per  ct.,  was  combined  with  lime-sulphur  solution  at  winter 
strength.  All  trees  that  were  carefully  sprayed  were  rendered  prac> 
tieafly  free  of  the  insects.  Unfortunately  as  the  season  advanced 
conditions  were  not  favorable  for  the  development  of  the  aphides  so 
that  4Jke  exprnooents  gave  only  negative  results. 

On  May  2  and  3  tests  similar  to  the  above  were  conducted  in  the 
ordiaids  of  the  Albert  Wood  Estate,  CSarlton;  Chas.  Dunkelbarger, 
Gaspmt,  and  F.  E.  Hanlon,  Medina.  On  this  date  the  aphides  had 
wcMrked  deeply  into  the  buds.  In  spite  of  this  protection,  a  large  re- 
duction in  the  numbers  of  the  aphides  was  secured  wherever  the  ap- 
idications  were  thorough.  Owing  to  the  disappearance  of  the  lice 
from  q>rayed  and  unsprayed  trees  within  three  weeks  after  the  time 
of  treatment,  the  experiments  proved  inconclusive. 

BxperimenUi  during  WIS, —  The  experiments  for  this  jrear  were 
limited  to  two  orchards  of  the  following  growers: 

Wm.  Smith,  Albion,  66  trees,  35  years  old. 

H.  H.  Freeman,  Albion,  234  trees,  30  years  M. 

Spraying  with  nicotine  solution  in  lime-sulphur  when  buds  were 
green  at  the  ends  destroyed  over  95  per  ct.  of  the  lice,  which  were 
mostly  the  oat  aphis,  with  scattering  numbers  of  the  green  and  rosy 
sphicks.    The  oat  aphis  subsequentiy  disappeared  from  the  orchards, 
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but  the  green  aphis,  after  causing  more  or  less  serious  curling  <st 
foliage  of  the  unsprayed  trees,  left  the  leaf  clusters  of  the  fruit  spurs 
and  bred  for  the  remainder  of  the  season  on  the  water  sprouts.  The 
experimental  plats  receiving  the  bud  treatment  were  not  appreciably 
affected  with  either  the  green  or  rosy  aphis  during  the  remainder  of 
the  season,  although  there  were  more  or  less  of  the  green  aphis  on 
the  water  sprouts  of  some  of  the  trees. 

Tests  with  the  same  spray  after  blossoms  dropped  killed  a  goodly 
percentage  of  the  insects,  and  while  the  trees  receiving  this  late 
application  presented  better  conditions  than  the  checks,  they  were 
unmistakably  inferior  in  appearance  to  those  that  were  given  the 
bud  treatment. 

Experiments  during  1914. —  During  this  year  experiments  were 
conducted  in  the  orchards  of: 

H.  H.  Freeman,  Kent,  9  trees,  40  years  old. 
A.  H.  Ernest,  Lockport,  133  trees,  30  years  old. 

In  the  Freeman  orchard  three  trees  were  sprayed  as  buds  were 
breaking,  three  trees  before  blossoming  and  three  trees  as  petals 
dropped  from  the  trees.  In  each  case  nicotine  solution  was  used  with 
lime-sulphur  mixture.  The  only  treatment  that  really  gave  satisfac- 
tory results  was  the  spraying  when  buds  were  opening.  As  a  result, 
the  trees  receiving  this  application  were  only  slightly  infested  with 
the  rosy  aphis,  while  those  receiving  the  later  sprayings  exhibited 
considerable  injuries  to  both  fruit  and  foliage. 

In  the  Ernest  orchard  there  were  two  plats;  one  was  sprayed 
as  the  color  showed  in  the  blossom  buds,  and  the  other  received 
treatment  as  the  petals  dropped  from  the  trees.  In  each  case  it 
was  difficult  to  detect  any  advantage  gained  from  either  of  the 
treatments,  as  it  was  not  possible  to  reach  any  appreciable  numbers 
of  the  stem-mothers,  which  were  well  hidden  in  the  curled  leaves. 

farmers'  cooperative  experiments. 

Cooperative  experiments  during  191S  in  Orleans  county.  —  During 
this  year  experiments  were  conducted  in  nine  orchards  in  Orleans 
county  as  follows: 

Thomas  Mack,  Holley,  50  trees,  35  years  old. 
Geo.  Smith,  Lyndonville,  24  trees,  75  years  old. 

50  trees,  18  years  old. 

£0  trees,  12  years  old. 
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J.  Swift,  Lyndonville,  300  trees,  25  years  6UL 

150  trees,  &-10  years  old. 
400  trees,  5  years  old. 

J.  Bayne,  L3mdonville,  300  trees,  30  years  old. 

A.  J.  Skinner,  Knowlesville,  210  trees,  35  jrears  old. 

M.  Bminsmade,  Lyndonville,  300  trees,  30  years  old. 

Albert  Wood  Estate,  Carlton,  2927  trees,  12-50  years  old. 

With  the  exception  of  the  first  orchard,  all  the  plantings  were 
sprayed  as  the  fruit  buds  showed  green  at  the  ends  with  nicotine 
solution  in  lime-sulphur  for  the  most  part  or  with  soap  solutions 
or  oil  emulsions  to  destroy  principally  the  oat  aphis,  and  scat- 
tering numbers  of  both  the  green  and  rosy  aphis.  These  treatments 
effected  an  almost  complete  destruction  of  the  insects.  As  a  further 
precaution,  another  application  was  given  the  trees  just  before  the 
opening  of  the  blossoms  by  combining  nicotine  with  lime-sulphur  at 
summer  strength,  carrying  arsenate  of  lead.  As  in  thCiStation's  tests 
for  this  year,  the  Uce  did  not  develop  to  destructive  numbers,  even 
on  the  unsprayed  trees;  so  that  in  the  main  the  results  for  the  sea- 
son were  negative.  But  nevertheless,  while  the  rosy  and  the  green 
aphis  were  not  present  in  any  of  the  plantings  in  conspicuous  num- 
bers, still  there  were  scattering  colonies  of  both  species;  and  with 
respect  to  these  the  contrast  between  sprayed  and  untreated  trees 
was  marked. 

In  the  Mack  orchard,  the  bud  spraying  was  omitted  and  treat- 
ments were  given  the  trees  just  before  and  after  blossoming,  the 
former  application  killing  about  75  per  ct.  of  the  aphides,  and  the 
latter  application  about  one-half  of  the  remaining  insects.  This 
experience  indicated  that  had  the  season  been  favorable  for  the 
development  of  the  aphides  the  numbers  of  the  creatures  that  sur- 
vived the  treatments  were  sufficient  to  cause  serious  damage.  Unlike 
the  preceding  experiments,  there  was  not  a  great  deal  of  difference  in 
the  conditions  of  the  sprayed  and  unsprayed  plats. 

CooperaHve  experiments  during  191S  in  Niagara  CounJby.  —  The 
experiments  during  this  year  were  conducted  in  the  orchards  of: 

Fred  B.  Eayner,  Gasport,  300  trees,  30  years  old. 
E.  F.  Strickland,  Akron,  1000  trees,  3-8  years  old. 
D.  L.  Priesch,  Middleport,  500  trees,  12  years  old. 

These  plantings  were  sprayed  with  lime-sulphur  and  nicotine  so- 
lution on  April  17,  and  during  succeeding  days,  when  the  buds  showed 
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green  at  the  ends,  to  combat  piincipaUy  tiie  oat  aphn.  In  the  Kay- 
ner  and  Strickland  orchards  the  insects  were  completely  destroyed. 
While  there  was  a  marked  contrast  in  the  conditions  of  the  treated 
and  untreated  trees  with  respect  to  the  numbers  of  the  insects  for 
two  weeks  following  the  experiment,  the  results  were  negative  as  far 
as  the  green  and  rosy  aphides  were  concerned,  as  neither  of  these 
species  appeared  on  any  of  the  trees  in  important  numbers.  In  the 
Priesch  orchard  a  test  with  fish-oil  soap,  1-5,  as  leaves  were  unfold- 
ing proved  quite  ineffective  in  reducing  the  numbers  of  the  oat  aphis. 
Cooperative  experiments  during  1914  in  Niagara  County, —  Dur- 
ing this  year,  spraying  experiments  were  carried  on  in  nine  apple 
orchards  of  the  following  growers: 

J.  A.  McAuley,  Lockport,  23  trees,  35  jrears  old. 
Floyd  Cothran,  Lockport,  60  trees,  30  years  dd. 
Richard  Taylor,  Lockport,  2,000  trees,  3&-70  years  old. 
W.  E.  Wiseman,  Lockport,  200  trees,  36  years  old. 
Fred  Zimmerman,  Lockport,  646  trees,  28  yeaiB  (Ad. 
Ralph  E.  .Heard,  Lockport,  1,100  treci^,  12^25  years  old. 
A.  A.  Fonner,  Lockport,  150  trees,  40  years  old. 
H.  J.  Treichler,  Sanborn,  1 1  trees,  36  yearfi  dd. 
H.  B.  Treichler  A  Son,  Sanborn,  86  trees,  40  years  old. 

In  none  of  the  various  experiments  were  the  results  more  strik- 
ing or  conclusive  than  those  attending  a  thorough  spraying  of  the 
trees  at  the  time  when  the  fruit  buds  were  showing  green  at  the  ends. 
As  the  season's  experience  constitutes  a  noteworthy  chapter  in  the 
history  of  our  eflforts  to  develop  and  to  establish  more  eflScient  spray- 
ing practices,  the  experimental  activities  in  five  orchards  may  prop- 
erly be  discussed  with  some  detail. 

BUD  SPRATINO  EXPERIMENTS. 

Orchard  of  J,  A.  McAuley. —  In  this  orchard  the  trees  were  sprajred 
while  the  fruit  buds  were  compact  but  the  young  leaves  were  begin- 
ning to  imfold.  The  graying  mixture  was  nicotine  sdutioh,  40  per 
ct.  in  combination  with  lime-sulphur.  On  May  11  the  check  row 
of  trees  was  badly  infested  with  the  aphides,  while  on  the  treated 
plats  there  were  only  occa^onal  colonies  of  the  insects.  On  June  4 
the  conditions  of  the  sprayed  trees  were  unchanged,  ^hite  the  checks 
were  much  infested  with  the  rosy  aphis,  diowing  extensive  curling 
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of  the  foliage  and  many  stunted  apices.  At  the  tkne  «f  harvesting 
tile  owner  reported  that  the  checks,  while  oanying  a  giettt  many 
apples,  actuaHy  produced  only  two  bushels  of  marketable  fruit  per 
tree.  The  spr^red  trees  approximated  fifteen  barrels  eadi  of  saleable 
fruit. 

It  is  of  added  interest  to  note  than  on  the  day  following  the  treat- 
ment of  the  experimental  plat  the  owner  spri^ired  the  remainder  of 
his  phntiag  w^hout  supervision.  The  effect  was  to  cause  a  great 
reduction  in  the  numbers  of  the  insects.  On  June  6  the  young 
apples  generally  showed  evidences  of  being  stunted,  as  a  result  of 
which  thare  was  a  large  decrease  in  tiie  amount  of  marketable  apples 
on  the  unsprayed  trees.  On  the  other  hand,  with  sprayed  portions 
of  the  orchiurd  there  was  no  appreciable  loss  to  the  crop  as  a  result 
of  aphis  injuries. 

Orchard  of  Floyd  Cothran. —  The  main  portion  of  this  planting 
was  sprayed  with  nicotine  solution,  combined  with  lime-sulphur,  as 
the  tips  of  the  buds  showed  green.  On  May  11  the  checks  were  much 
infested  with  the  lice,  while  the  sprayed  plats  showed  only  scatter- 
ing colonies  of  the  insects.  On  June  4,  the  rosy  aphis  was  abundant 
on  the  untreated  trees,  but  in  striking  contrast  to  these  the  treated 
trees  were  practically  exempt  from  the  insects,  showing  little  injury 
to  either  fruit  or  foliage. 

Orchard  of  Richard  Taylor.  —  The  entire  orchard,  comprising 
2,000  trees,  was  sprayed  with  nicotine  solution  in  lime-sulphur  at 
winter  strength  as  buds  showed  green  ends.  The  aphides  were 
present  in  large  numbers,  consisting  principally  of  the  oat  aphis, 
with  whidi  there  were  intermingled  few  specimens  of  the  green  and 
ro^  aphides.  One  tree  was  left  as  check,  which  was  severely  infested 
by  the  rosy  aphis.  It  should  be  noted  that  the  treatment  destroyed 
a  high  percentage  of  the  insects,  and  that  while  adjacent  orchards 
suffered  severely  from  the  rosy  aphis  the  trees  in  these  plantings  to 
a  large  extent  escaped  unscathed  by  the  lice. 

Orchard^  W.E,  Wideman, —  As  the  buds  were  showing  green,  all 
of  the  trees,  no  cheeks  being  reserved,  were  sprayed  with  nicotine 
solution  in  hme-eulpbur  solution.  Very  few  aphides  survived  the 
applicatioD.  While  soirounding  orchards,  includisg  another  planting 
of  the  owner,  suffered  severdy  from  the  rosy  aphis,  thoe  was  no 
appreciable  damage  to  the  crop  of  the  sprayed  trees. 

Ordiard  iff  H.  B.  TnidAer  and  Son. —  In  this  orchard  fifty  trees, 
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about  forty  years  old,  were  sprayed  with  nicotine  solution  as  the  buds 
were  breaking.  On  May  21  and  again  on  June  17»  examinations  of 
the  treated  trees  revealed  only  an  occasional  aphis;  while  on  these 
dates  the  insects  were  abundant  on  checks  and  by  June  17  had  caused 
much  damage  to  fruit  and  foliage,  with  promise  of  greater  injury. 

8FRATINO  JtJBT  BBFOBB  BLOOM. 

In  two  orchards  67  large  apple  trees  were  sprayed  just  before 
blossoming  with  nicotine  solution  in  lime-sulphur  mixture.  The 
spray  was  used  in  liberal  quantities  and  much  care  was  exercised  to 
wet  thoroughly  both  foliage  and  fruit  clusters.  In  neither  case  was 
any  appreciable  benefit  derived,  and  as  far  as  one  could  judge  the 
sprayed  trees  were  but  little,  if  any,  better  than  the  checks,  and  all 
showed  considerable  damage  to  the  fruit  and  foliage  as  a  result  of  the 
injurious  work  of  the  rosy  aphis. 

SPRAYINQ  AS  PETALS  DROP. 

Experiments  were  conducted  in  three  orchards,  comprising  1896 
apple  trees  ranging  from  12  to  40  years  of  age,  with  nicotine  solution 
in  lime-sulphur  mixture  or  with  kerosene  emulsion  diluted  with  six 
parts  of  water.  The  applications  were  made  within  a  period  of  ten 
days  after  blossoming.  At  this  time  the  stem-mothers  had  matured 
and  large  numbers  of  lice  of  the  second  generation  were  appearing  on 
the  foliage.  In  some  instances  a  goodly  percentage  of  the  aphides 
were  killed  by  either  spray  but,  considering  the  work  as  a  whole,  the 
results  were  not  satisfactory  because  of  the  stunted  conditions  of 
many  of  the  young  apples,  the  extent  of  curling  of  the  leaves  and 
the  numbers  of  the  lice  that  escaped  the  applications. 

COMPARISON  OF  STATION'S  CONCLUSIONS  WITH 
SPRAYING  PRACTICES  IN  OTHER  STATES. 

With  the  rapid  extension  and  development  of  orcharding,  the 
lice  discussed  in  this  article  have  become  serious  pests  also  in  other 
apple-growing  sections  of  the  United  States,  and  with  advancing 
years  have  threatened  increasing  loss  and  destruction.  In  view  of 
the  results  of  our  experiments  it  was  desired  to  know  how  our  conclu- 
sions compared  with  those  of  professional  entomologists  and  prac- 
tical workers  in  other  states  who  have  been  seriously  engaged  id 
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devdoping  more  efficient  spraying  practices  agaLnst  the  apple  aphides. 
To  this  end  a  questionnaire  was  widely  circulated  in  which  four 
questions  among  others  bearing  on  the  susceptibility  of  the  insects  to 
standard  spraying  mixtures  were  submitted,  as  follows: 

(1)  In  your  experience  have  spraying  operations  directed  to 
the  destruction  of  aphis  eggs  afforded  protection  to  bearing  apple 
trees? 

Of  31  replies,  9  answered  "  yes;''  15  answered  *'  no/'  and  7  an- 
swered '*  only  partial  success." 

(2)  Have  you  been  able  to  control  the  aphides  when  appreciable 
numbers  of  the  leaves  have  been  curled? 

Of  34  replies,  4  answered  "  yes/'  23  answered  *'  no,"  and  7  had 
no  data  on  which  to  make  a  statement. 

(3)  Has  spra3ring  when  the  lice  are  assembled  on  the  green 
ends  of  the  expanding  buds  proven  satisfactory?  (b)  Have  sup- 
plementary treatments  been  required? 

(a)  Of  34  replies,  4  answered  "  no,"  23  answered  "  yes,"  and  7 
had  not  sprayed  during  that  period. 

(b)  Of  34  replies,  6  answered  "  yes,"  22  answered  "  no,"  and  7 
were  without  experience  on  this  treatment. 

(4)  What  spraying  mixtures  have  in  your  experience  proven  the 
most  satisfactory? 

Of  34  repUes,  4  recommended  for  control  of  the  aphides,  kerosene 
emulsion;  21  recommended  nicotine  preparations;  1  recommended 
flo^  and  lye,  and  1  reconmiended  soap.  For  destruction  of  the 
egps,  7  advised  limensulphur  at  winter  strength. 


. 


METHOD  OF  TREATMENT. 

FORMULAS  FOR  SPRAYING  lirSTURBS. 

FoimuLA  I,  Nioonm  Solution. 

Niooime  ■ohition  40  per  ci. I  pi. 

W«i6r 100  gab. 

Soup 8tD6Ib«. 

This  mixture  will  cost  about  $1.15  per  100  gallons.   In  o(Hnbining 
mootine  solution  with  lime-sulphur  omit  the  soap. 

FoniULiL  2/.KiBosniB  Emuiaon. 

KflRMDe 2fldi. 

Kflii-oilaoap im. 

Soft  water IpJL 
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Directions  for  making  keroiene  emulflioB  aie  as  foUows: 
Dissolve  the  soap^  which  has  been  finely  divided,  in  em  saOon 
of  boiling  water.  Remove  the  vessel  ixom  the  stove  and  add  tlie  ofl. 
Then  agitate  the  mixture  violently  for  from  three  to  five  minutes  by 
pumping  into  itself  under  high  pressure  until  a  creamy  mass  is 
formed,  from  which  the  oil  does  not  separate.  Fruit  growess  are 
advised  not  to  employ  an  emulsion  which  shows  a  separation  of  the 
oil  as  application  oi  such  prcparaticns  may  cause  iRJuries  to  the 
trees.  This  is  used  with  success  by  some  growers  for  summer  ainray- 
ing  against  the  lice  at  a  dilution  of  one  gallon  of  the  emulsion  to 
eight  gallons  of  water.  This  emulsion,  when  diluted  as  racommenided, 
will  cost  about  $1.08  per  100  gallons. 

FoBMULA  3,  Fish  Oil  Soap. 

F!ih  oil  soap 12  to  20  lbs. 

Water 100 


To  prepare  for  use,  slice  the  soap  and  dissolve  in  boiling  water. 
Soap  varies  greatly  in  its  water  content,  and  before  undertaking 
extensive  operations  the  grower  should  make  a  preliminary  test  to 
determine  the  amount  of  material  required  to  make  an  efficient 
spray.  Soap  used  in  the  proportions  as  given  will  cost  from  75  cents 
to  $1.20  per  100  gallons. 

COMBINATIONS  OF  BP&ATINO  MATEBIALa. 

Many  pests  of  fruit  trees  pursue  thdr  injurious  activities  at 
similar  periods  of  time  and  some  oi  them  are  jointly  susceptible  to 
a  single  application  of  an  insecticide  or  to  a  combination  of  spra3riiig 
materials.  As  the  expense  of  insecticides  is  usually  much  less  than 
the  cost  of  labor  and  team,  it  is  desirable  from  the  standpoint  of 
economy  and  time  to  reduce  the  number  of  applications  to  the 
minimum.  One  means  to  this  end  is  to  employ  combination  mix- 
tures or,  as  they  are  popularly  called  "  two  in  one  *'  or  "  three  in 
one  "  sprays,  according  to  the  number  and  nature  of  constituents 
contained  in  them. 

From  the  standpoint  of  safety  to  expanding  buds  and  leaf  tissues^ 
and  effectiveness  against  insects,  the  most  satisfactory  combination 
is  three-fourths  of  a  pint  of  nicotine  eolutilm  (40  per  ct.)  to  lime- 
sulphur  solution  at  winter  strength  for  bud  treatment,  or  to  lime- 
sulphur  at  summer  strength  with  arsenate  of  lead  for  foliage 
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applications.  While  this  cdmbinaticm  lacks  somewhat  the  spreading 
propertiee  of  soap  mixtures,  oil  emulsione  or  of  nicotiue  with  soap, 
this  dflfieien«y  is  probably  more  than  compensated  by  the  saving 
in  labor  in  avoiding  an  extra  application  and  by  the  thoroughness  of 
spraying  in  the  bud  treatment  when  lim&-6ulphur  is  directed  also 
against  tim  Ban  Jose  scale. 

Sodium  and  potassium  sulphides  may  be  combined  with  soap  or 
nl  emulaons,  but  they  should  be  regarded  as  experimental  mixtures 
until  there  is  more  knowledge  of  their  insecticidal  properties  and  of 
the  effects  of  strong  preparations  of  these  sulphides  on  leaf  and  fruit 
tiesuee,  especially  in  combination  with  common  arsenicals. 

DIBECnONS  FOR  BPRATING. 
Bud  tpraying. —  On    the   basis   of    the    experiments    previously 
described  the  most  effective  means  of  combating  the  lice  is  a  thorough 


Fio.  7. — ApBtDiB  OM 
OPBKiIfa  BuDfi; 
PraoDroB  FrasT 
Spbathki. 


straying  of  the  trees  at  the  time  when  the  insects  are  assembled  on 
the  tips  of  the  buds  showing  green  and  while  the  buds  are  compact. 
As  the  creatures  that  appear  on  the  opening  buds  are  the  progenitors 
cf  many  broods  that  are  to  follow,  and  constitute  the  first  and  only 
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forms  that  infest  leaf  and  fruit  clusters  at  this  period,  special  efforts 
should  be  made  to  allow  as  few  as  possible  of  the  insects  to  escape 
this  treatment.  It  should,  therefore,  be  the  aim  of  the  orchardist 
to  kill  all  of  the  insects,  and  work  so  directed  will  destroy  from 
95  to  98  per  ct.  of  the  creatures.  To  this  end  apply  the  spraying 
mixture  in  liberal  quantities  and  under  high  pressures,  endeavoring 
to  wet  all  of  the  buds. 

A  word  of  caution  as  to  timing  of  spraying  operaHon$, —  It  is 
common  knowledge  that  varieties  differ  as  to  the  time  of  opening 
of  buds,  and  that  trees  of  the  same  variety  may  show  retarded  or 
accelerated  growth,  according  to  the  conditions  of  their  environment 
For  these  reasons  the  grower  needs  to  take  into  consideration  the 
stages  of  growth  of  the  different  varieties,  waiting  until  the  lice 
are  massed  on  the  opening  buds  and  keeping  in  mind  the  importance 
of  killing  the  insects  before  they  obtain  protection  in  f uzsy,  unfolding 
leaves  of  the  opening  buds. 

Later  applications, —  The  grower  should  endeavor  to  combat  the 
pest  by  the  forgoing  measures  and  thus  avoid,  if  possible,  the 
necessity  of  later  spmyings.  There  are  serious  objections  to  late 
applications  because  of  the  danger  of  early  injuries  by  the  insects 
to  fruit  and  leaf  clusters  and  the  difficulty  of  reaching  the  lice  in  the 
curled  leaves,  which  becomes  greater  as  the  infestation  increases. 
If  bud  treatment  has  been  omitted  or  this  application  has  not  given 
entirely  satisfactory  results,  one  should  spray  with  one  of  the  forgoing 
mixtures  as  soon  as  the  aphides  are  detected  in  numbers,  endeavoring 
by  high  pressures  to  reach  as  many  of  the  creatures  as  possible. 
The  amount  of  protection  that  will  be  gained  by  this  spraying  will 
not  prove  as  great  as  that  of  the  early  treatment.  However,  it  will 
afford  some  measure  of  relief  and  perhaps  tide  the  trees  over  a 
critical  period. 


THE  CHERRY  AND  HAWTHORN  SAWFLY 

LEAF-MINER* 

p.  J.  PARROTT  AND  B.  B.  FULTON. 

SUMMARY. 

During  recent  years  sour  cherries,  princqudly  of  fhe  variety 
English  Morello,  have  exhibited  a  disorder  of  foliage  which  is  char- 
acterized by  light-colored  blister-Uke  areas,  revealing  a  loss  of 
chlorophyll  Aat  are  due  to  tiie  destruction  of  tiie  pulpy  tissues. 
Studies  by  this  Station  show  Aat  this  injury  is  caused  by  a  leaf- 
mining  hymenopteron  {Profenusa  coUaris  Mac  GiUivray).  This  is 
a  new  orchard  pest  in  New  York  and  one  not  heretofore  recorded  as 
injurious  to  fruit  plantings  in  this  country.  It  was  first  reported  from 
a  cherry  orchard  near  Geneva,  N.  Y.,  during  tiie  summer  of  19  lo, 
and  has  since  been  found  in  injurious  numbers  in  cherry  plantings 
about  Germantown,  in  tiie  Hudson  River  Valley.  It  doubtless 
occurs  in  otiier  localities.  As  a  hawthorn  pest  tiie  sawfly  is  definitely 
known  to  occur  in  New  York  and  Massachusetts. 

The  adult  insect  is  a  small  sawfly  which  varies  from  one-eighth  to 
one-sixth  of  an  inch  in  length.  The  body  of  ihe  female  is  metallic 
black,  with  tiie  prothorax  rufous  in  color.  The  flies  make  flieir 
appearance  during  early  May,  at  ^Riiich  period  flie  first  leaf  clusters 
are  unfolding  and  the  blossom  buds  are  b^poming  to  open.  The 
eggs  are  laid  singly  through  incisions  in  flie  upper  epidermis,  and 
tlie  lower  surface  of  the  egg  usually  lies  in  contact  wifli  flie  lower 
epidermis,  which  has  been  cut  free  from  other  tissues  of  the  leaf  so 
as  to  form  a  small  blister-Uke  cavity  or  pocket.  The  majority  of 
the  eggs  are  deposited  in  flie  basal  portion  of  cherry  leaves. 
Hatching  occurs  during  the  middle  or  flie  latter  portion  of  May. 
The  young  larva  works  its  way  to  flie  parenchyma  immediately 
beneath  the  epidermis  of  flie  upper  surface  of  the  leaf  and  mines 
towards  the  distal  end  of  flie  leaf,  generally  keeping  close  to  the 
margm.  The  injury  is  first  indicated  by  a  small,  sinuous  channel, 
which  finally  swells  out  into  a  large,  blister-like  area.  The  blisters 
are  very  conspicuous  on  flie  upper  surface  of  flie  leaves  during  early 
Jtme,  at  which  time  the  larvae  are  making  their  maTJmum  growfli. 

*  A  reprint  of  Bunetin  No.  411,  December,  1915. 
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Witii  tiie  completicm  of  tiieir  miniiig  operations,  about  tho  auddle 
of  June,  the  larvae  abandon  the  foliage,  bmy  themselves  in  the 
ground  and  construct  an  earthen  celL  The  insect  passes  the  wmter 
in  the  larval  stage.  Pupation  occurs  duiing  the  latt^  portion  of 
April  or  during  early  May. 

The  injury  to  cherries  by  this  qiedes  is  due  to  the  work  of  the 
larvae  which  mine  the  leaves  and  destroy  the  mesophyl  or  pulpy 
tissues.  Frequently  tiie  entire  leaf  is  mined,  but  usually  only  from 
one-quarter  to  one-half  of  tiie  leaf  area  is  destroyed.  The  leaves 
that  are  most  seriously  affected  shrivel  and  die,  and  finally  drop  to 
tiie  ground.  The  damage  is  largely  confined  to  the  foliage  that  unfolds 
with  the  bursting  of  the  buds.  The  extent  of  damage  with  dierries 
varies  in  importance  according  to  the  extent  of  infestation  and 
influence  of  seasonal  conditions  on  the  rate  of  growth.  Injuries  to 
foliage  of  certain  species  of  Crataegus  are  generally  more  severe 
than  witii  cherries,  and  in  certain  localities  have  greatly  reduced 
tiie  attractiveness  of  these  hawthorns  for  ornamental  purposes. 

The  leaf-miner  is  subject  to  attack  by  two  species  of  hymenop- 
terous  parasites  which,  during  some  seasons,  have  greatly  lessened 
the  numbers  of  their  host.  An  ichneumon  {Pezoporus  (Schenkia) 
tenthredinarum  Rohwer)  has  been  collected  in  cherry  plantingSt 
while  a  chalcidid  (Trichogramma  minutum  Siley)  has  been 
reared  fnmi  eggs  of  the  sawfly  deposited  in  foliage  of  cherry  and 
hawthorn. 

In  experiments  to  check  the  mining  of  cherry  leaves  the  larvae  of 
the  sawfly  proved  to  be  very  resistant  to  lime-sulphiu:  soluti(m» 
napthalene,  kerosene  emulsion,  miscible  oil,  nicotine  solution, 
kerosene,  or  gasoline.  Picking  of  affected  leaves  at  first  appear- 
ance of  injury  and  destruction  of  hawthorns  in  the  vicinity  of  cheny 
orchards  are  advised  tentatively  as  tiie  most  practical  means  of 
avoiding  injuries  to  cherries  by  the  leaf-miner.  Ploug^Ung  and 
cultivation,  especially  during  late  April  or  early  May,  would  doubtless 
destroy  many  of  the  insects  in  tiie  ground,  although  tiie  exact  value 
of  this  practice  has  not  been  determined.  Fumigation  with  hydro- 
cyanic-acid gas  proved  to  be  the  only  direct  treatment  of  the  foliage 
which  effectually  checked  tiie  destructive  work  of  tiie  larvae  in 
cherry  leaves.  An  application  of  nicotine  solution  and  soap  when 
the  young  larvae  are  beginning  to  tunnel  tiie  foliage  apparently 
affords  efficient  protection  to  hawthorns. 


New  York  Agricultural  Experibibnt  Station.        405 


INTBODUCTION. 

b  ettnimriaon  with  oAer  frata,  sottr  eherries  are  singularly 
free  from  altatdcs  I7  iafindoiis  ioBedlB.  They  are  praotically  immune 
to  tise  San  Jfai6  eoale  and  gmenillf  ai^  not  much  troubled  with  the 
plum  curculio  or  plhnt  hot,  aU  of  whidi  are  very  ddstruotiHre  peete  to 
other  stone  fruits,  such  as  sweet  cherries,  plums  or  peaches.  Of  the 
pests  that  attack  them,  those  of  ibe  greatest  commercial  importance 
in  the  Slate  of  New  YoA  are  the  cherry  fruit  Aids  (RhagokUs 
dngulaUi  and  R.  fmuta)  which  cause  maggoty  fruit;  the  fruit-tree 
bail>beetle  {Scdigtus  ruguiUmm)  which  burrows  into  the  bark  and 
wood  of  the  tfleiiclies  and  trunks;  and  the  pear  dug  {Catiroa  omut) 
whioh  akfiieteniies  tiie  leaves. 

The  Mmparative  immunity  which  soUr  cherries  have  enjoyed  from 
defoKotiBg  insects  'b  now  tiireatened  by  a  leaf-mining  hymenopteron 
wlBck,  in  cprtain  idantingB  of  English  Morello,  has  become  quite 
piooiiiiSEit  in  recent  ytars.  The  studies  herein  rec(»ded  were 
undertaksn  for  the  purpose  of  aso^teining  the  life  history,  habits 
and  economy  of  tile  creature  which,  at  tibe  inception  of  the  in- 
nstigafcion,  ppoved  to  be  an  ubknown  species  and  of  rather  wide- 
spread dittiibcrtScttL 

HffiTORY,  BIOLOGY  AND  WORK  OF  INSECT. 

CISCOVBRY  AKD  IDENTRfiPICATION. 

The  existence  in  the  State  of  New  York  of  a  leaf-miner  attacking 
cherry  foliage  was  brought  to  the  attention  of  the  Experiment 
Station  by  the  receipt  of  affected  foliage  during  the  latter  part  of 
June,  1910.  An  examination  of  the  orchard  from  which  the  material 
had  been  collected  showed  that  more  or  less  of  the  leaves  on  nearly 
all  of  the  trees  of  a  variety  known  as  English  Morello  had  shriveled 
and  died,  while  here  and  there  were  others  with  well-defined  ligbt- 
€ol(ned  areas  or  blisters,  revealing  a  loss  of  chlorophyl.  Siftings  of 
earth  from  beneath  the  trees  showed  that  the  causal  agent  was  the 
larva  of  a  species  of  sawfly .  A  number  of  these  were  carried  through 
successive  stages  of  development  to  the  following  year,  when  adults 
w^e  obtained.    Some  specimens  were  forwarded  to  Dr.  A.  D. 
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MacGillivray/  fonnerly  of  Cornell  University,  who  reported  that 
the  insect  represented  a  new  species,  the  type  of  a  new  genus,  and 
should  be  recorded  as  Profenuaa  coUaris.  The  information  was 
also  given  that  a  smaU  collection  of  the  creatures  reared  from  haw- 
thorns growing  about  Boston,  Massachusetts,  had  previously  been 
received  by  him  but  the  material  was  in  too  unsatisfactory  a  con- 
dition to  describe.  For  popular  usage  we  have  proposed  the  name 
^'  The  Cherry  and  Hawthorn  Sawfly  Leaf-Miner." 

HOST  PLANTS. 

According  to  present  knowledge  the  host  plants  of  the  leaf-miner 
are  the  cherry  and  the  hawthorn.  Of  the  cherries  it  has  so  far 
largely  confined  its  attacks  to  the  variety  known  as  English  Morello. 
It  is  not  commonly  observed  on  the  Montmorency  or  Elarly  Rich- 
mond, which  would  indicate  that  its  presence  on  these  varieties  is 
accidental  and  occurs  when  these  sorts  are  grown  in  close  proximity 
to  the  Morello.  The  susceptibility  of  one  fruit  and  the  Apparent 
unattractiveness  or  resistance  to  the  insect  of  the  other  fruits 
are  curious  facts,  since  all  are  cultivated  varieties  of  the  same 
cherry,  Prun/ua  ceraaua;  and  plantings  of  each  kind,  growing  side  by 
side,  may  be  frequently  observed  in  this  State.  The  two  sorts 
Montmorency  and  English  M(»rello  represent  groups  of  cherries 
which  vary  more  or  less  in  both  tree  and  fruit,  but  have  a  constant 
difference  only  in  a  single  character  —  the  juice  in  the  fruits  of  one 
is  colorless,  in  the  other  it  is  red.  This  sharp  discriminaticm  on  the 
part  of  the  leaf-miner  seems  all  the  more  anomalous  when  considered 
in  the  light  of  its  extreme  partiality  to  the  foliage  of  certain  haw- 
thorns, which  are  only  remotely  related  to  the  cherry. 

In  its  attacks  on  hawthorns  the  leaf-miner  tunnels  the  foliage  in 
the  same  fashion  as  that  of  the  cherry.  During  the  course  of  our 
studies  it  has  been  very  evident  that  the  pest  is  more  destructive  to 
certain  species  of  Cratsgus  than  it  is  to  the  cherry.  As  has  been 
rarely  observed  with  the  cherry,  one  may  find  as  many  as  five  larvs 
mining  a  single  leaf.  With  hawthorns  having  a  relatively  small  and 
narrow  leaf,  as  GeneaeenaiSy  there  may  be  an  entire  destruction  of 
the  pulpy  tissues,  in  which  event  all  that  remains  of  the  affected  leaf 
b  the  epidermis,  which  dries  up  and  ultimately  falls  to  the  ground. 
At  the  height  of  an  attack,  which  occurs  when  the  larve  are  reaching 

1  Letter*  dated  June  2, 1911. 
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maturity,  hawthorns  which  are  much  infested  take  on  a  brownish 
cast  and  appear  as  if  struck  by  a  blight  or  swept  by  fire.  The 
destructive  work  of  the  insect  may  seriously  mar  the  attractiveness 
of  certain  species  of  hawthorns  as  ornamental  shrubs. 

About  Geneva  the  leaf-miner  is  most  common  in  the  foliage  of  an 
unidentified  hawthorn  belonging  to  the  MedioximsB  group,  while 
such  species  as  C.  pediceUata  and  C  pundaUif  growing  in  the  im- 
mediate vicinity  of  the  former,  have  so  far  shown  little  or  no  injury 
and  are  generally  exempt  from  attack.  Dr.  C.  S.  Sargent,  Director 
of  the  Arnold  Arboretum,  writes  that  the  insect  has  become  estab- 
lished in  the  Cratsegus  plantings  and  that  it  is  especially  destructive 
to  hawthorns  of  the  Crus-Galli  group  and  C.  mUda^  C.  rotundifoliaf 
C.  jundnosa  and  other  species.  Similar  conditions  exist  at  the 
New  York  Botanical  Garden  and,  as  elsewhere,  certain  species  of 
Cratsgus  are  pretty  badly  infested,  while  a  few  species  have  so  far 
been  free  from  attack. 

In  the  public  parks  at  Rochester,  notably  (Jenesee  Park,  the 
msect  has  m  recent  years  become  a  serious  pest.  Hawthorns  repre- 
senting a  wide  range  of  species  and  grown  in  extensive  numbers  feature 
prominently  in  certain  landscape  plantings.  In  these  the  leaf-miner 
has  become  established  and  its  destructiveness  may  be  readily 
observed  during  May  and  June.  Some  haws  have  been  seriously 
affected,  while  others  have  been  exempt  from  injury.  Here  again 
various  hawthorns  of  the  Crus-Galli  group  have  proven  very  sus- 
ceptible to  the  pest,  and  certain  species  of  other  groups  have  shown 
considerable  injury.  It  is  not  yet  clearly  demonstrated  in  all  cases 
whether  freedom  from  the  pest  is  a  matter  of  chance  or  that  some 
species  are  actually  immune  to  the  insect.  Through  the  courtesy 
of  Mr.  John  Dunbar,  assistant  superintendent  of  parks,  a  recognized 
authority  in  the  systematic  knowledge  of  the  Crataegi,  an  examina- 
tion was  made  during  June,  1915,  of  the  hawthorns  in  the  arboretum 
and  the  condition  of  the  plants  with  reference  to  the  work  of  the  leaf- 
miner  were  noted.  The  accompanying  list  indicates  the  relative 
importance  of  the  insect  during  the  past  sunmier  to  various  haw- 
thorns of  different  groups: 

Spbcibs  Much  lNnB8TBD. 
Name  of  SpeeieB  Group 

1*  CrfOagu*  sp.T Coccinen 

2.  Clra«8gnM  8p.7 * 

3.  CnOfoiqw  Brunetiaina Rotundif o]i» 
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Sfscibs  Mucb  Infbbted  (fiondnvei) 
Name  of  Species  Groap 

4.  CraUBffua  Chneseensis / Cni^-CrflBI 

6.         **      pwrimilU * 

6.  "       Bartramiana ■ 

7.  •       Engdmaum * 

8.  *      ereda « 

9.  Craioffus  fertilis Tomentosn 

10.  «       flp.? « 

11.  CrolGBffM  flp.? IMkaimm 

Sracisa  SuasTLT  Ininim^. 

12.  CraUggu$  9era .• MoHes 

13.  CraUBgus  Lenrumiana PruinosB 

14.  **      inusUvla • 

16.         *      perjuncta * 

16.  CraUBQua  tardipes CoocinesB 

17.  **       Thayeri • 

18.  «       ».? 

19.  CraicBgus  Soothiana Tenuifolis 

20.  "       Streekm « 

21.  Craiagiu  rotunddfoUa RotundifoluD 

22.  «       audita « 

23.  «      Jachii « 

24.  CraUBgua  q>.7  No.  594 Tomentom 

25.  «       8p.? • 

26.  •      ferenUma • 

27.  "       9pinvlo§a * 

28.  CrattBgus  aprica FIavab 

29.  Crateegtu  diaaona MedioxinuB 

30.  Craiesgua  Duvhari Anomaly 

31.  Crateegus  nigra PentagynflB 

Speciks  Not  Injxtbxd. 

32.  Cratagus  moUia MoUes 

33.  •       aybmoaia « 

34.  «      Amoldiana • 

35.  Craiagua  Holmeaiana Coccineae 

36.  CrcUagua  fueoaa Mediozim» 

37.  Crakagua  cMoroaarca Sanguines 

38.  Crateegua  app IntricataD 

DI8TEUBUTZON. 

As  a  cherry  pest  the  leaf-miner  is  definitely  known  to  occur  in 
injurious  numbers  in  orchards  of  English  Morello  about  Geneva  in 
western  New  York  and  about  Geimantown,  whi«b  19  located  in  the 
Hudson  Valley.  It  has  been  reported '  to  the  Station  aa  ocduring 
about  Sohaneotady,  but  the  statement  of  its  presence  in  that  locality 
has  not  been  verified.  In  view  of  its  occurreoMse  in  two  communities 
which  are  widely  separated,  it  would  seem  reasonable  to  suppose 
that  the  pest  exists  in  other  localities  where  sour  cherries  are 
extensively  grown.    However,  a  careful  survey  by  the  orchard  and 

"  Proc.  W.  N.  Y.  Hort.  Soo.  for  1912,  p.  122. 
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nunoy  inqsectorB  of  tbe  Department  of  Agriculture  in  all  of  the 
kadmg  fruit-growing  counties  of  tlie  State  has  failed  to  find  any 
evidences  of  the  work  of  the  insect  except  in  the  foregoing  localities. 
A  study  of  available  Hterature  indicates  that  the  insect  is  not  known 
to  occur  as  a  cherry  pest  outside  the  State  of  New  York. 

As  a  depredator  <rf  hawthorns  the  leaf^miner  has  a  wider  range 
of  distribotiiRL  It  is  known,  as  already  indicated,  as  a  serious  pest 
of  hawthorns  growing  about  Boston,  Mass.,  and  it  is  common  on 
various  specnes  of  CratOBgus  growing  in  the  vicinity  of  New  York 
City,  Rochester,  IlJiaca,  Geneva  and  fflomeateles,  all  of  which  are 
located  in  this  State. 

AFPBARANCB  OF  TOM  INJURY. 

As  implied  by  its  common  name,  the  insect  is  a  leaf'-mining  species 
and  its  woik  is  very  characteristic.  The  injury  is  first  indicated  by 
a  smatty  thin,  sinuous  diannel  which  finally  swells  out  into  a  large 
blister4ike  area  of  a  li|^t  brown  shade  resemblmg  that  of  dead  leaf 
tissues  (Plate  XXVIII) .  The  attack  by  the  larva  of  the  sawfly  begins 
on  the  edge  of  the  leaf  toward  the  stem,  and  continues  along  one  side 
toward  the  leaf  apex,  the  tunnel  increasing  in  dimensions  with  the 
growth  in  size  and  the  progress  of  the  insect.  Upon  reaching  the 
tip  of  the  leaf  the  grub  reverses  its  course  and  works  backward 
toward  the  stem,  consuming  tiie  remainder  of  the  pulpy  tissues 
between  the  main  rib  and  the  margin  of  the  leaf.  As  a  result,  the 
parenchyma  or  soft  cdlular  tissue  is  eaten,  leaving  the  epid^mis, 
which  turns  brown  and  forms  a  large  blister.  These  blisters  are 
v^  con^ieuous  in  the  upper  surfaces  of  the  leaves.  Oftentimes 
the  whole  leaf  is  mined,  but  usually  one-quarter  to  one-half  of  the 
wliofe  area  of  a  leaf  is  destroyed.  Only  the  leaves  that  first  unfold 
are  subject  to  attack,  but  during  some  seasons  hardly  any  of  these 
escape  the  insect's  depredations.  He  principal  dfoni^  occurs 
during  the  last  week  of  May  and  the  early  part  of  June  or  about  one 
month  before  the  harvesting  of  the  fruit.  With  the  disappearance 
of  the  hurvse  the  leaves  most  seriously  affected  shrivel  and  die,  and 
finally  drop  to  the  ground,  causing  defoliation  which  varies  in 
importa&ce  according  to  the  eaetent  of  infestation  and  the  influence 
(rf  seasonal  conditions  on  the  rate  of  growth.  The  actual  effect  of 
the  work  of  the  insect  upon  the  crop  is  not  easily  measured  and, 
during  most  years,  is  perhaps  not  of  serious  extent.    However, 


410  Report  of  the  Department  of  Entomology  of  the 

as  previously  indicated,  the  destructive  power  of  the  pest  is  mainly 
exercised  on  the  leaves  that  unfold  with  the  bursting  of  the  buds. 
In  years  of  slight  precipitation  and  when  new  growth  is  of  small 
extent  and  of  slow  development  the  plant  is  dependent  on  such 
foliage  as  it  carries  at  the  time,  and  any  extended  injury  to  it  must 
result  in  a  set-back,  with  correspcHiding  ill  effects  on  the  maturing 
crop  of  fruit.  In  years  when  the  production  of  new  growth  is  more 
rapid  the  damage  caused  by  the  sawfly  is  of  much  less  importance 
as  the  large  leaf  surface  under  the  circumstances  is  sufficient  for  the 
needs  of  the  plant  and  the  loss  of  affected  foliage  does  not  result  in 
an  important  reduction  in  leaf  area. 

The  hawthorns  are  more  subject  to  severe  attacks  than  the 
Morello  cherry,  and  during  some  seasons  plants  may  be  observed  on 
which  there  is  hardly  a  leaf  that  does  not  show  injury.  Notwith- 
standing the  partiality  of  the  sawfly  for  this  plant,  hawthorns  seem 
able  to  withstand  considerable  destruction  of  foliage  without  marked 
external  evidences  of  the  weakening  of  the  trees.  As  shown  in  Plate 
XXIX,  the  attractiveness  of  the  plants  as  ornamental  shrubs  may  be 
seriously  marred. 

BIOLOGY  OF  THE  INSECT. 

The  Tenthredinoidea,  to  which  this  species  belongs,  constitute  a 
large  and  important  group  of  hymenopterous  insects,  including  some 
very  destructive  forms,  as  the  pear  slug  (Ccdiroa  cercisi  Linn.),  the 
rose  sawfly  (Enddomyia  rosa  Harr.)  and  the  currant  worm  (Pteronus 
riberii  Scopoli).  It  is  estimated  that  there  belong  to  this  super- 
family  about  two  thousand  species,  and  according  to  Dr.  MacGil- 
livray'  seven  hundred  or  more  species  are  recorded  for  this  country. 
Of  these  occurring  in  the  United  States  probably  not  more  than  five 
to  eight  per  ct.  are  of  sufficient  economic  importance  to  be  classed 
as  injurious  insects.  The  adults  are  very  much  alike,  and  in  spite 
of  their  numbers  few  species  only  attract  the  attention  of  the  general 
observer;  and  these  almost  solely  because  of  the  destructive  role  of 
the  larvse.  The  vernacular  name  bestowed  on  these  insects  originated 
doubtless  from  the  fact  that  the  ovipositor  of  the  female  is  a  cutting 
organ,  operating  in  much  the  fashion  of  a  saw.  This  is  composed 
of  two  small  chitinous  structures,  finely  serrated,  which  lie  side  by 
side  and  may  be  projected  from  a  protective  sheath  and  moved  up 

*  Lefetor  of  Sopt.  20, 1914. 
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and  down  wiUi  a  saw-like  motion.  Ilieee  sawa  are  employed  to 
lacerate  vegetable  tissues  and  fonn  apertures  or  pocketa  in  the  plant 
substance  where  the  ^gs  are  placed.  The  larvro  reveal  great 
similaritjes  in  their  more  important  characters  of  structure  and 
habit.  Some  forms,  as  the  pear  slug,  are  covered  with  a  slimy 
secretion  and  pass  more  easily  for  slugs  than  insect  larvs;  others 
are  coated  with  a  waxy  substance  which  may  completely  conceal 
their  identity;  while  many,  such  as  the  rose  and  currant  species, 
resemble  caterpillars  and  feed  in  exposed  positions  and  on  a  great 
variety  of  plants.  A  number  of  species  reade  in  galls,  while  a  few 
forms  are  let^-miners.  When  mature'  the  larve  of  most  species 
descend  to  tiie  surface  of  the  ground  and  spin  cocoons  about  them- 
selves. 

DESCBIPTION  OF  LIFB  STAGES. 

Egg. —  The  e^^  (Fig.  9}  is  elliptical  in  shape,  but  is  not  entirely 
symmetrical  in  its  outiine,  as  one  side  shows  a  greater  curvature  than 
the  other.  It  is,  when 
removed  from  sur- 
roundii^  plant  tissues, 
circular  in  cross  sec- 
tion, but  in  its  nonnal 
position  in  the  leaf 
structures  it  is  much 
Battened  owing  to 
pressure.  The  chorion 
IB  a  thin, white,  shining, 
flexible  membrane. 
The  measurements  of 

Mcgs  when  not  com-     *^<'-  *■—  ^^  <"  3*7^^  T^Ar-Mijn^  u.  Maw.™ 
pressed   are:    Length, 
0.5   to  0.7   millimeter;  and   diameter,  0.28  to  0.36  millimeter. 

Larea. —  To  determine  the  number  of  instars  the  mines  were  care- 
fully examined  for  all  insect  remains,  when  the  head  molts  were 
collected  and  measured  as  to  width.  The  body  remnants  from 
some  of  the  molts  in  first  larval  instars  were  occasionally  missing, 
having  probably  been  eaten,  but  in  very  few  cases  were  the  head 
structures  not  in  good  condition  for  purposes  of  examination.  The 
width  of  the  head  is  fairly  ccmstant  for  the  first  larval  instar  but  in 
the  more  advanced  stages  there  b  considerable  variation.  On  the 
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basis  (tf  head  meaauieiBatts  it  appears  thai  the  tarra  noim^y 
jtuAtB  five  times  in  Hs  nune.  It  fiDellf  eaten  the  ground  and  molts 
again  in  transformtag  to  a  pupa. 

The  first  five  instars  have  the  eame  goteral  fomi  and  diff«r  one 

from  the  otihw  principally  in  bubb.    The  body  is  bioadest  at  the  first 

and  aecraid  thoracie  segments,  and  ^adu^y  tapwa  toward  the 

rear.    Hie  thoracic  legs  are  short  and  oonieal  and  we  von^eead  of 

five  segnients,  whidi  inelude  the  tiuck  haeai  aad  ibe  aauS  hooked 

teiminiJ  structures.    AH  ^o  abdominal  segpjenta  eciespt  the  last 

hear  short  rounded  prolega  on  the  ventral  side.   The  head  (Fig.  10) 

is  horisontol  in  the  early  stAces,  but  skates 

downward  ali^tly  in  latw  inatWB.     It  ie 

broad  and  fiat,  rounded  on  the  ades  and 

obtuae  in  fnHit.     Oa  the  dorsal  mde  it 

Q    bears    four    lon^tudinal    sutures.     The 

outer  pair  nm  back  from  the  ends  of  the 

clypeus  and  divide  the  head  into  three 

almost  equal  secticHis.     The  inner  piur 

extend   one-half  way  across  the  nuddle 

section,  dividing  it  into  three  equal  areas. 

,      Eyes  are  wanting.    The  antenns  are  very 

short  and  are   apparently   composed    of 

three  segments.    The  roaxillaiy  palpi  are 

large  and  protrude  from  beneath  the  head. 

The   labial   palpi   are  very   smalL      The 

mandibles   are  short  and   thick,  deeply  hollowed    on  the  inner 

fade  and  do  not  protrude  beyond  the  end  of  the  broadly  notched 

labrum. 

The  technical  description  of  each  of  the  Isrrfd  st^^  fdlem: 

Pint  irular.  (^be  XXV,  fig.  1).—  Body  traiielucetit,  wbite,  ahiniiij;  only  aS^tly 
wrinkkd,  and  vith  a  green  streak,  due  to  alinteiitMy  tntct,  tboiniig  plainly  in  the 
Bbdominol  sq^mentB.     Prolegs  appear  aa  only  alight  ^evations. 

Head  ia  aGgfatly  brownish,  being  of  darker  edor  on  the  onter  and  portarkc  edoM; 
mouth  parts  ore  reddiah  iMwn.  The  ventral  side  of  th«  first  thoracio  aegntentbM 
a  pair  of  browniah  gray  marks,  shaped  roughly  like  a  T  with  Hie  croas  bw  runniDg 
longitudinaily  and  the  perpendicular  reaehuig  outward  to  a  point  jut  in  fraat  of 
tile  leg.  A  semicircular  line  of  the  aante  ooLor  occura  in  front  (rf  the  taam  and  ia 
interrupted  on  the  median  line. 

Newly-iatched  larvn  are  about  1.2  mm.  ia  length,  a»d  iltet  totXag  tlw  body 
grows,  reaching  a  length  of  2.3  mm.     Width  d  bead,  0.36  to  0.42  mm.;  avcnie, 
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gray,  transverse  band  on  the  first  thoradc  and  two  spots  on  the  seeond  thorado  seg- 
ments. The  pair  of  marks  on  ventral  side  of  first  thoracic  segment  are  shaped  more 
like  inverted  V's,  and  between  them  there  is  a  large  longitudinal  band.  The  second 
sod  third  segments  have  medium  oval  spots.  Each  proleg  is  marked  by  a  narrow 
crescent  on  the  anterior  side.  A  semicircular  mark  on  the  hut  segment  extends  over 
half  a  circle  and  is  not  interrupted  on  the  median  line. 

Length,  2.6  to  3.00  mm.    Width  of  head,  0.48  to  0.55  mm.;  average,  0.52  mm. 

Tkird  xnBtar.  (Plate  XXV,  fig.  3). —  AH'  markings  are  the  same  as  in  preceding 
stage,  but  are  much  fiunter.  Prolegs  are  more  prominent;  those  on  the  first  and 
penultimate  abdominal  segments  are  small. 

Length,  3.2  to  4.3  mm.    Width  of  head,  0.63  to  0.73  mm.;  average,  0.67  mm. 

Fourth  instar.  (Plate  XXV,  fig.  4). —  The  characteristic  marlcmgs  in  preceding 
stages  practically  disappear  in  this  instar.  A  ring  of  several  rows  of  minute  papilla 
surrounds  the  anus.  These  pnribably  exist  in  the  earlier  instars  and  escape  detection 
because  of  their  small  sise. 

Length,  4.5  to  7J2  mm.    Width  of  head,  0.8  to  0.9  nam.;  average  0.85  mm. 

Fifth  instar.  (Plate  XXV,  fig.  5).--  This  is  simiUr  to  fourth  instar.  There  are  no 
distinct  color  nuurkings. 

Length,  6.5  to  7.5  mm.    Width  of  head,  0.92  to  1.07  mm.;  average,  1.0  mm. 

Sixth  inalar,  (Plate  XXV,  fig.  6) .—  The  body  does  not  differ  from  that  of  preceding 
stage.  The  head  assumes  a  vertical  position.  The  four  sutures  on  the  dorsal  side 
are  very  faint.  The  clypeus  and  labrum  are  shorter  than  in  fifth  instar.  The  man- 
^bles  protrude  prominenUy  and  do  not  meet  at  the  ends.  The  labium  and  maxillfe 
project  from  beneatii  the  head  to  b^ond  the  tips  of  the  mandibles. 

Length  is  same  as  in  fifth  instar  or  may  be  a  trifle  shorter.  Width  of  head,  0.90 
to  1.05  nun. :  average,  1.0  mm. 

Pupa,  (Plate  XjCV,  fig.  7). —  Until  color  of  adult  begins  to  show  the  pupa  is  white 
in  aU  portions  except  the  eyes,  which  are  reddish.    Length  about  5  mm. 

Ad}tU*  (Plate  XXIV,  figs.  1  and  2).—" Body  of  female  black,  with  the  dypeus, 
labrum,  malar  space,  the  mandibles,  the  first  segment  of  the  antemue,  the  tegulte,  the 
narrow  margin  to  the  pronotum,  and  the  legs,  for  the  most  part,  whitish.  The  pro- 
thorax,  except  the  parts  named,  the  cephalic  part  of  the  mesopleurs,  and  the  pectus, 
rufous;  the  posterior  femora  more  or  less  shaded  with  fuscous;  the  head  smooth  with  an- 
teonal  hirrows  interrupted  on  the  middle  of  the  face;  the  furrows  surrounding  the 
postocellar  area  deep  and  distinct:  the  vertical  furrows  not  reaching  the  occiput;  the 
median  ocellus  placed  on  a  flat  depression;  a  pit  above  the  antennal  socket;  the 
median  fovea  minute  but  distinct;  the  clypeus  truncate;  the  first  imd  second  antennal 
segmento  subequal,  the  third  segment  subequal  to  one  and  two  together  and  longer 
than  four;  the  saw-guides  with  the  dorsal  and  ventral  margins  converging  and  the 
vptx  bluntly  pointed. 

The  male  differs  m  having  the  rufous  part  of  the  thorax  inclined  to  whitish  and 
extending  over  the  entire  pleurae,  the  venter  of  the  abdomen  and  a  broad  band  on 
the  lateral  part  of  the  dorsial  aspect,  broader  behind,  sometimes  fused  on  the  meson, 
whitish;  the  posterior  femora  not  fuscous.    Length,  3  to  4  nmi." 

ANATOlfT  OF  REPBODUCTIYE  ORGANS. 

OripasUor. —  The  ovipositor  serves  as  a  saw,  and  this  organ  is 
composed  of  two  pairs  of  blades  and  a  sheath,  formed  of  a  single  pair 
of  valves.  It  lies  just  posterior  to  the  seventh  abdominal  sternum 
and  IS  partly  covered  by  the  sides  of  the  eighth  and  ninth  terga. 
Each  valve  of  the  sheath  is  made  up  of  three  sclerites;  a  small  tri- 
angular plate  (Fig.  11,  a,  and  Fig.  12,  c)  at  the  anterior  end  and 

*The  original  description  copied  from  the  Can.  Ent.  46: 364-366.    1914. 
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hidden  by  tbe  eighth  tergum  and  a  lai^  elongated  structure  (Fig.  3, 
b,  and  Fig.  12,  d)  reaching  from  the  seventh  sternum  to  near  the  end 
of  the  body  where  it  ia  hinged  to  the  third  sclerite  (Fig.  3,  c) ,  wlucli  is 
a  spoon-shaped  plate  that  projects  posteriorly  and  bears  a  nimiber  of 
hurs.  The  four  blades  of  the  saw  are  arranged  in  pairs,  a  lower  and 
an  upper  pair,  and  as  these  structures  are  very  thin  and  held  in  close 
contact  with  one  another  the  bifid  nature  of  each  pair  is  not  plainly 
apparent.  The  lower  pajr  (Fig.  3,  d,  and  Fig.  4,  b)  bears  a  number 
of  teeth  on  the  lower  edge  and  really  constitutes  the  saw  proper.  The 
upper  pair  (Fig.  1 1 ,  e,  and  Fig.  12,  a),  which  have  a  number  of  thickened 


Fio.  11. —  Tip  of  AaixiMaN  SaowiNa  OviPoBrroK. 
7,  8,  9  AND  10.     AbdomiQal  segments,  seventh  to  tenth  reapectiTfily: 
a,    b,    c,     Three  scleritea    of    ovipositoT  ahe&th;    d,  Lower  blkde  of 
ovipoflitor;  e,  Upper  blade  of  ovipositor. 

crossbars  and  are  joined  together  for  a  short  distance  on  the  upper 
edge  opposite  the  proximal  tooth  of  the  saw,  really  serve  as  a  support 
for  the  saw.  The  saw  and  this  latter  structure  or  support  are  con- 
nected along  the  edge  by  a  tongue  and  groove  joint,  which  permits 
one  to  slide  on  the  other  lengthwise  (Fig.  12,  e).  At  the  base  both 
pairs  spread  apart  like  the  arms  of  a  Y.  The  base  ctf  each  blade 
consists  of  two  thin  chitinous  rods,  connected  by  a  thin  membrane. 
One  of  these  basal  rods  of  the  support  is  continuous  with  the  lower 
edge  of  its  respective  blade  and  fastens  to  the  lower  anterior  angle 
of  the  large  middle  sclerite  of  the  sheath  (Fig.  4,  g),  while  the  other 
rod  fastens  idong  the  anterior  rad  of  the  same  sderite  and  con- 
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tinuee  part  way  along  the  blade  as  a  thickened  rib  (Fig.  4,  f)-  Ihe 
lai^er  basal  rod  of  the  saw  is  continuous  with  its  upper  edge  and 
paaaes  clear  around  the  anterior  end  of  the  sheath  and  fastens  to  the 
small  triangular  sclerite  (Fig.  12,  h).  The  smaller  rod  b  continuous 
with  the  lower  edge  of  the  saw  and  fastens  to  the  hind  edge  of  the 
seventh  sternum  beneath  a  thin  projecting  median  flap  (Fig.  12,  i). 
Male  genitalia. — The  testes  are  small  and  are  composed  of  a  large 
Dumber  of  rounded  lobes  (Fig.  13,  a).    The  vasa  deferentia  are  rather 


Fia.  12. —  OviPOBiTOR. 
»,  b.  Upper  and  bwfr  blades  of  ovipositor,  reapectivelv;  c,  d.  Two  acleritoi  of  thtt 
oripa^tor  ahesth;  e,  Cron  section  of  blades  e&owiiig  tonj^ie  and  groove  eomiBCtiiiii; 
',  S,  Biral  roda  of  upper  blade;  h,  i,  Basal  rods  of  lower  Uade. 

large  and  much  coiled  (F^.  13,  b).  Each  connects  with  a  very  large, 
saccate  seminal  vesicle,  near  its  efferent  end.  (Fig.  13,  c.)  The 
ducta  (Fig.  13,  d,  and  Fig.  14, 1)  leading  from  the  vesicles  unite,  form- 
ing the  ejaculatory  duct    (Fig.  13,  f,  and  Fig.  14,  j.) 

The  external  genital  pari;8  appear  to  be  entuely  derived  from  the 
tenth  abdombial  segment,  which  is  drawn  up  in  the  tip  of  the 
abdomen  and  is  completely  protected  from  below  by  the  large 
plate  of  the  ninth  abdominal  sternum  (Ftg.  14,  c).  In  general 
^pe  the  genital  armature  is  cyUndrical  and  is  flattened  dorao- 
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ventrally.     The  base  is  oblique,  the  upper  side  extending  farther 

anteriorly,  and  is  bordered  by  a  narrow  chitinous  ring  (Fig.  13,  e). 

The  main  body  of  the  organ  is  made  up  of  two  large  lateral  valves 

(Hg.  13,  h,  and  Fig.  14,  f),  whose  baaee  are  joined  to  the  ring  and  are 

—  prolonged  above  and  below  so  that 

they  meet  on  the  dorsal  and  ventral 

median  line  and  fonn  a  complete 

.    circle.     The  end  of  each  lateral 

valve  bears  a  spoon-shaped  movable 

flap  on  the  lower  side  {Fig.  13,  j, 

and  Fig.  14,  b).    Just  above  the 

hinge  of  this  flap,  in  the  hoUow  of 

the  valve  and  closely  united  to  it 

there  is  another  structure  bearing 

two    blunt   lobes  (Fig.   13,  i,  and 

fig.  14,  d)  directed  forward  and 

inward.     A    narrow    arm    of    tiie 

same  piece  extends  inward  from  the 

upper  edge  of  the  lateral  valve  and 

forms  the  posterior  margin  of  a  thin 

membrane  (Fig.  13,  g)  which  roofs 

over  the  space  between  the  upper 

edges  of  the  valves.    On  the  median 

line    the    membrane     dips     down 

^  between    two    small    inner   valves 

(Fig.  13,  k,  and   Fig.  14,  a)  which 

constitute    the    penis,    while    the 

ejaculatory  duct  opens  out  at  the 

bottom  of  this  fold.     The  two  inner 

valves   are   thin,   concave    on    the 

^  _ inner  side  and  reveal  a  flaring  tip. 

ptHiioii  of  the  same;  j,  Movable  fl»p;  These  structures  are  in  contact  for 
k^er  valves  whioh  serve  lu.  a  a  short  space,  but  they  spread  apart 
at  the  outer  and  inner  ends. 
During  coition  the  outer  ends  are  held  close  together  fornung  a  tube. 
The  end  of  each  valve  is  rodlike  and  has  attached  to  it  five  muscles- 
Two  of  these  originate  on  the  dorsal  part  of  the  base  of  the  outer  valve 
and  are  attached  to  the  middle  and  inner  end  of  the  rod  (Fig.  14,  i 
and  k),  serving  to  raise  and  lower  the  outer  end  respectively.    Two 


Fio.  13. —  MaiiI     Repbodcctiv 
Obqams,  Dorsai.  Vibw. 
a,  TcBtie;  b,  Vu  deferens;  c,  Sen 
oal  vedde;  d,  Diatal  portioD  of  v_ 
deferens;    e,    Basal    ohitinous   ring 
of  genital  armature;   f,  Ejaculatory 
duct;  g.  Thin  membrane;   h,  Outw 
valve  of  genital  arm»ture;  i.Bilobed 
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Puts  XXVI.—  Cocoons  or  the  CHMmr  a 
THOKN  SAwrnr  Lbat-Mihbb. 
(Enbrced.) 


Pluts  XXVir.—  CowDinoN  of  Chirbt  Leaves  and  Blououb  at  Pkuod  o 

MAXtiniH  OVIFOBITION. 
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others  originate  on  the  ventral  part  of  the  base  of  the  outer 
valve;  the  innermost  of  these  is  attached  near  the  middle  of 
the  rod  and  pulls  the  outer  end  downward  and  inward  (Fig.  14,  g); 
the  other  is  attached  to  the  inner  end  and  serves  to  raise  the  outer 
end  (Fig.  14,  h).  The  remaining  one  which  originates  on  the  ventral 
and  lateral  part  of  the  outer  valve  and  is  attached  near  the  middle 
of  the  rod  pulls  the  outer  end  downward  and  outward  (Fig.  14,  e). 


Fia.  14. —  Malv  Obnital  ABturtJia. 
I,  Tip  of  abdomen  showing  position  of  ftrm»ture;  II,  Median  wction  abowiDg  left 
half  of  armAture,  7,  8  and  9,  correapondiiig  abdoniinal  oegmenta;  a,  Inner  valve;  b, 
Uovable  Sap;  c,  Subgenital  ptate  or  stemum  of  ninth  abdominal  segment;  d, 
BBobed  piece;  f,  Outer  valve;  e,  g,  h.  i,  and  k,  Muacle*  attached  to  the  baae  of 
the  inner  valve;  j,  Ejaculatory  duct;  I,  Van  deferens. 

LIFE  HISTORY  AND  HABITS. 

BHBIIGBNCB  OF  ADUI/TB. 

From  puparia  obtained  on  April  18,  1913,  by  sifting  earth  from 
beneath  cheny  trees,  two  males  and  seven  females  made  their 
appearance  during  a  period  extending  from  April  28  to  May  2. 
On  May  6  dx  males  and  six  females  were  obtained  in  a  cherry 
orchard,  and  only  one  of  the  sawEiee  was  obtuned  in  cages  intended 
14 
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to  trap  the  creatures  as  they  emerged  from  the  ground.  On  May  7 
five  males  and  seven  females  were  caught  in  breeding  cages,  and 
at  this  date  the  insects  were  present  in  large  numbers  on  the  trees. 
The  insects  continued  to  appear  in  the  cages,  a  few  each  day,  until 
May  19,  which  was  the  latest  date  for  the  emergence  of  the  saw- 
flies  for  that  year.  During  1915  adults  were  observed  on  cherry  trees 
during  the  first  and  second  weeks  in  May  and  none  of  the  insects 
were  observed  after  the  fifteenth  day  of  this  month.  Observations 
for  several  seasons  show  that  the  flies  make  their  appearance  when 
the  first  leaf  clusters  are  unfolding  and  the  cluster  buds  are  beginning 
to  open  (Plate  XXVII). 

EARLY  HABrrS  OF  THE  SAWFLIES. 

At  the  time  of  their  emergence  from  the  ground  the  sawflies  are 
fully  colored  and  are  very  active  creatures.  They  are  apparently 
very  susceptible  to  temperature  conditions.  If  disturbed  on  cold 
days  they  drop  suddenly  from  the  foliage,  attempting  to  fiy  while 
in  mid-air.  Failing  in  this  effort,  they  drop  to  the  ground  and  crawl 
to  some  elevated  object,  on  which  they  renew  their  attempts  to 
seek  flight. 

They  copulate  within  less  than  a  day  after  their  appearance  from 
the  soil.  In  this  act,  the  male  approaches  the  female  backwards 
so  that  the  tips  of  the  abdomens  come  in  contact  while  their  heads 
-face  in  opposite  directions.  Then  the  male  reaches  back  with  the 
hind  legs  and  grasps  the  female  over  the  back  of  her  body,  placing 
the  tip  of  his  abdomen  under  that  of  the  female  and  inserting  the 
penis  under  the  flap  at  the  base  of  the  ovipositor.  The  outer  flaps 
of  the  male  genitalia  are  pressed  closely  against  the  underside  of  the 
female's  body.  The  whole  process  is  a  matter  of  one  to  three 
minutes.  One  pair  contained  in  an  observation  jar  copulated  three 
times  within  a  space  of  half  an  hour. 

oviPOsmoN. 

The  females  are  apparently  ready  to  oviposit  soon  after  they  make 
their  escape  from  the  ground.  One  specimen  was  dissected  about 
seventeen  hours  after  its  i4)pearance,  and  in  the  ovaries  and  oviducts 
there  were  coimted  fifteen  fully  developed  egg?.  Another  that  had 
been  out  for  two  dayB  began  to  deposit  eggs  immediately  when 
cherry  leaves  were  introduced  into  its  cage.    In  the  orchard  eggs 
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were  first  found  during  the  year  1913  on  May  7  in  which  season 
adults  were  first  observed  on  May  6,  althoui^  the  inseets  may  have 
been  present  on  the  trees  for  a  day  or  two  before  and  escaped  detec- 
tion. In  1915  all  of  the  eggs  were  deposited  by  May  15.  During 
the  first  days  of  the  oviposition  period  one  or  sometimes  two  leaves 
in  a  cluster  may  show  the  presence  of  eggs.  The  females  seem  to 
manifest  a  preference  for  the  leaves  that  first  appear  and  which  are 
still  m  an  unfolded  state.  (Plate  XXVII.)  llie  process  of  ovi- 
position requires  only  about  one  minute^  but  details  of  this  operation 
proved  difficult  to  determine  and  were  not  ascertained  because  of  the 
extreme  shyness  of  the  females,  which  fly  quickly  on  the  approach 
of  any  object. 

The  lower  surface  of  the  egg  lies  in  contact  with  the  lower  epi- 
dermis, which  has  been  cut  free  from  the  other  tissues  of  the  leaf 
so  as  to  form  a  small  blister-like  cavity  or  pocket.  The  ^g  is  usually 
within  one  or  two  millimeters  frc»n  the  edge  of  the  leaf;  rarely  on 
the  extreme  edge  or  more  than  three  millimeters  frcMn  the  margin. 
On  the  upper  side  at  the  edge  of  the  cavity  there  is  usually  a  stoma 
through  which  the  ovipositor  is  probably  thrust.  An  examina- 
tion of  ninety-one  eggs  at  random  shows  that  tiiey  are  more  often 
deposited  near  the  base  of  the  leaf  than  the  tip.  About  seventy 
per  ct.  of  the  eggs  were  in  the  area  of  the  leaf  frcnn  one-eighth  to 
one-third  the  distance  from  the  base;  twenty  per  ct.  ne%r  the  middle 
and  about  ten  per  ct.  of  the  eggs  occurred  in  the  portion  of  the 
leaf  toward  the  tip.  From  one  to  five  eggs  were  observed  on  a 
single  leaf  and  the  average  for  all  observations  was  two  and  three- 
tenths  egg?  per  leaf. 

PABTHENOOEN  ESIS. 

Parthenogenesis  frequently  occurs  among  sawflies.  According 
to  Cameron  ^  complete  parthenogenesis  may  be  observed  "  with 
such  European  species  as  Eriocampa  ovata,  PcBcUoaama  pulveratuin 
and  CrcB9U8  varus  while  the  mixed  parthenogenesis  of  NenuAus 
ribemi  and  iV.  ndUaris  is  beyond  dispute."  He  further  says  that 
"  from  the  readiness  with  which  so  many  species  deposit  ova  without 
having  any  connection  with  the  males,  and  from  the  general  scarcity 
of  the  latter,  it  seems  evident  that  further  investigation  will  show 
that  the  phenomenon  is  of  very  common  occurrence."  It  is  also  to 
be  noted  that  reproduction  of  this  nature  may  also  extend  beyond 

*  Cameron,  Peter,  Moq.  Brit.  Hymenoptera,  1 :  28, 1882. 
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one  generation.  With  the  species^  A.  fasdata  a  third  generation 
was  produced  without  any  male  connection. 

Webster*  has  recently  suggested  that  parthenogenesis  probably 
occurs  with  the  pear  slug  (Caliroa  cerasi),  a  destructive  and  widely 
distributed  species  in  this  country,  although  this  has  not  been  sati^ 
factorily  proven.  In  his  studies  he  collected  and  examined  large 
numbers  of  the  adults,  without  finding  a  male,  and  in  breeding 
experiments  virgin  females  deposited  e^s,  some  of  which  hatched, 
the  larvse  unfortunately  living  only  a  few  days.  He  makes  the 
statement  also  that  no  specimens  of  the  male  exist  in  the  collection 
of  this  species  in  the  United  States  National  Museum.  Nevertheless 
Harris  and  several  European  writers  have  in  their  discussions  of  the 
species  mentioned  the  occurrence  of  a  male. 

In  view  of  the  foregoing  accoimts  Profenusa  coUaris  was  observed 
carefully  with  respect  to  the  relations  of  the  sexes  to  each  other. 
Out  of  doors  the  females  appeared  in  larger  nimibers  at  a  some- 
what earlier  period  than  the  males,  but  judging  from  collections 
taken  at  irregular  intervals  it  does  not  appear  that  marked  numerical 
differences  existed  between  the  sexes.  To  all  appearances  the 
adults  copulated  freely.  In  one  breeding  cage,  containing  no  males, 
two  females  made  their  appearance,  and  these  were  isolated  and 
supplied  with  cherry  twigs  to  induce  oviposition.  This  they  did 
and  five  da3rs  later  three  eggs  hatched.  This  experience  su^ests 
that  fertilization  is  not  absolutely  necessary  for  the  development  of 
the  ^gs  and  also  indicates  that  parthenogenesis  may  occur,  although 
it  is  perhaps  not  an  important  factor  in  the  life  of  the  species. 

HATCraNG  AND  LARVAL  ACTIVTTTES. 

During  1913  young  larvse  were  first  observed  on  May  24  as  trees 
were  coming  into  full  bloom,  but,  jud^ng  from  the  sizes  of  some  of 
the  mines  it  was  evident  that  a  few  eggs  had  hatched  one  or  two  days 
earlier.  By  May  27  the  hatching  period  was  practically  completed. 
During  1915,  a  few  eggs  were  hatching  on  May  15.  In  the  field  it 
proved  difficult  to  determine  the  period  of  incubation,  but  ^gs 
deposited  on  cherry  in  the  insectary  hatched  in  five  to  eight  days 
from  date  of  oviposition.  Under  normal  conditions  incubation  would 
probably  extend  over  a  larger  number  of  days. 

•  ated  by  F.  V.  Theobald  in  Insect  Pests  of  Fruit,  p.  276, 1908. 

*  Webster,  R.  L.,  Iowa  Agr.  Exp.  Sta.,  Bui.  130, 1912. 
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Upon  hatching  the  young  larva  works  its  way  through  the  tissue 
of  the  leaf  until  it  reaches  the  upper  epidermis.  It  usually  mines 
towards  the  distal  end  of  the  leaf,  generally  keeping  close  to  the  edge 
and  feeding  with  the  ventral  side  in  contact  with  the  upper  epi- 
dermis. When  the  tip  of  the  leaf  has  l)een  reached  the  creature 
reverses  its  course,  proceeding  along  the  area  adjoining  the  midrib, 
or  if  there  is  no  interference  by  another  larva  it  may  cross  over  the 
mainrib  and  tunnel  back  along  the  edge  of  the  opposite  half  of 
the  leaf. 

The  mine,  as  viewed  from  above,  during  its  first  stages  of  develop- 
ment is  rather  dark  brown  in  color,  which  is  accounted  for  in  part- 
by  frass  along  the  edges  of  the  roof  of  the  tunnel.  As  the  affected 
area  increases  in  size,  especially  in  its  breadth,  the  mine  becomes 
light  brown,  while  the  edges  incline  to  a  darker  sliade.  Observed 
from  beneath  the  only  visible  indication  of  the  initial  activities 
of  the  insect  is  a  small  oval  spot  which  marks  the  original  cavity 
constructed  by  the  adult  for  the  reception  of  the  egg,  and  this  con- 
tains in  addition  to  the  shrivelerl  egg  membrane  acciunulations  of 
frass  from  the  early  feeding  operations  of  the  larva.  Later  the  under 
side  of  the  tunnel  also  becomes  brown,  with  the  exposed  epidermis 
wrinkled,  but  in  general  the  destructive  work  of  the  insect  is  not  so 
apparent  on  the  lower  as  on  the  upper  surface  of  the  leaf. 

There  is  a  fairly  definite  relationship  between  the  size  of  the 
mine  and  the  age  of  the  larva  with  respect  to  the  different  instars. 
In  general  mines  under  5  millimeters  long  and  2  millimeters  at 
their  greatest  width  contain  larvae  in  the  first  instar;  mines  that 
are  5  by  2  millimeters  to  12  by  4  millimeters  contain  larvae  in  the 
second  instar;  mines  that  are  8  by  5  millimeters  to  18  by  6  milli- 
meters contain  larvae  of  the  third  instar;  mines  that  are  18  by  6  milli- 
meters to  28  by  8  millimeters  contain  larvae  of  the  fourth  instar,  and 
mines  of  greater  dimensions  than  the  foregoing  are  occupied  by  larvae 
of  the  fifth  instar. 

PUPATION. 

Upon  reaching  maturity  the  larvae  make  a  hole  in  the  tissues 
forming  the  mine,  usually  the  upper  epidermis,  which  forms  the 
roof.  From  the  opening  they  make  their  escape  to  the  edge  of  the 
leaf,  when  they  drop  to  the  ground.  During  1912  the  larvae  began 
to  leave  the  foliage  on  June  7,  and  by  June  10  it  was  estimated  that 
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fifty  per  ct.  of  the  insects  had  abandoned  their  mines.  On  June  18 
it  was  difficult  to  find  a  specimen  on  the  tree,  while  June  22  was  the 
latest  date  that  any  of  the  insects  were  seen  on  the  leaves.  During 
1915  small  numbers  of  larv»  b^an  to  drop  from  the  leaves  to  the 
ground  on  June  5,  and  by  June  16  the  foliage  of  cherries  was  practi- 
cally free  of  the  insects.  Upon  reaching  the  ground  the  creatures 
bury  themselves  several  inches  deep  in  the  soil  and  construct  an 
earthen  cell.  The  cocoon,  which  is  oval  in  shape,  consists  of  par- 
ticles of  earth  glued  together  and  lined  with  a  cement  which  renders 
it  in^)ervious  to  water  and  strong  Plough  to  resist  considerable 
pressure  without  crushing.  (Plate  XXVI.)  The  insect  passes  the 
winter  in  the  larval  stage.  However,  the  pupa  begins  to  form  in  the 
fall.  Specimens  obtained  during  October  showed  the  developing 
compound  eyes  and  ocelli,  while  oi  examples  secured  the  following 
April  the  adult  characters  of  tiie  head  could  be  plainly  seen  through 
the  skin,  and  their  bodies  were  decidedly  humped.  One  of  these  speci- 
mens which  was  kept  in  a  cool  room  transformed  to  a  pupa  on  or 
before  April  23  of  the  following  spring.  Others  obtained  from 
an  orchard  on  May  2,  1913,  were  all  in  the  pupal  stage,  and  one 
female  pupa  was  partly  colored. 

NATURAL  ENEMIES.^ 

An  efficient  enemy  of  P.  coUaria  is  the  chalcidid  Trichogramma 
minutum  Riley  (Fig.  15),  which  is  an  egg  parasite.  According  to 
Girault^  this  species  leads  as  the  most  prominent  and  widespread 
parasite  oi  the  eggs  of  insects,  having  been  recorded  from  thirty  , 
or  more  hosts  in  North  America  alone.  It  is  stated  that  with  one  i 
or  two  exceptions  its  hosts  are  all  insects  of  the  first  economic 
importance,  as  the  codling  moth,  brown-tail  moth,  etc.,  and  that  it  \ 
confines  its  activities  to  the  Lepidoptera  and  Hymenoptera.  Besides  i 
the  leaf-miner,  the  subject  of  this  account,  this  parasite  attacks  other  | 
species  of  sawflies,  as  the  peach  and  plum-leaf  sawfly  {Ccdiroa  amyg-  \ 
dalinay  and  the  pear  slug  (Caliroa  cerasi).  Webster  *®  in  his  account  | 
of  the  latter  states  "  that  the  pest  is  rarely  destructive  for  many 

T  Through  the  courtesy  of  Dr.  L.  O.  Howard  the  ideutifieatioiiB  of  thepansites 
were  made  by  Messrs.  A.  A.  Girault  and  S.  A.  Rohwer  of  the  U.  S.  Bureau  of  Ento- 
mology. 

•  Girault,  A.  A.     P<yc^  18:146.    1911. 

*  Morgan,  H.  A.,  La.  Bui.  48  Second  Series,  p.  144,  and  Oushman,  R.  A.,  U.  S. 
Bureau  of  Entomology,  Bui.  No.  97,  pt.  V.,  p.  100. 

»  Webster,  R.  L.,  Iowa  Bui.  130: 187.    1912. 
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yeua  at  a  time.  It  may  be  abundant  for  a  year  or  so,  then  drop 
out  of  sight  for  aeveral  years."  This  alternating  abundance  and 
scarcity  of  the  insect  he  attributes  largely  to  the  activities  of  its 
natural  enemies,  and  in  Iowa  for  several  years  during  the  course  of 
his  studies  there  were  two  species  of  egg  parasites,  of  which 
T.  minulum  waa  the  more  common.  One  instance  ia  noted  when 
there  was  apparently  a  total  paraffltjsm  of  the  eggs  of  its  host. 

During  the  past 
five  years  that  P. 
coSans  has  been 
under  observation 
by  this  Station,  T. 
minvium  has  twice 
made  ita  appear-  < 
ance  in  conspicu- 
ous numbers  in 
cherry  orchards 
infested  with  the 
sawfly,inl912and 
in  1915.  During 
the  former  year 
the  larger  perc^it- 
Bge  of  the  e^s  of 
the  sawfly  were 
parasitised  find  on 
acme  trees  it  was 

difficult  to  find  an     ^«-  ^^-  ^  ^^^  ^I'^Z'T'I^!  ""  ^*"" 

,       ,  a,  Pum;  b,  Adntt  (cnUraed). 

^-bearing    leaf 

which  had  not  been  visited  by  the  paraate.     In  1915,  parasitism 

ranged  from   about   forty   to   ninety   per  ct.,  on   different   trees. 

Taking  all  trees  into  con»deration  of  the  ^fgs  deposited  by  the 

sawfly  more  than  half  failed  to  hatch,  and  for  this  mortality  T. 

mmutttm  appeared  to  be  lai^y  respomdble. 

The  parasite  was  reared  from  both  cherry  and  hawtihom  foli^e. 

The  majority  of  the  e^s  of  the  sawfly  that  were  dissected  contained 

a  single  parasite,  and  in  only  a  few  instances  were  twin  larve  or 

pups  observed.    On  Jime  2,  1915,  the  parasites  were  all  in  the 

larval  state,  but  on  June  5  when  the  larvte  of  coUaris  were  beginning 

to  abandon  their  mines  in  the  foliage  about  fifty  per  ct.  of  the 
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parasites  were  in  the  piipnl  state  By  Juno  7  they  had  nearly  nil 
tv,in.sforraetl  to  pupa>,  and  on  June  9  the  first  adult  appeared.  Durii^ 
succeeding  d::ys  tho  ch.dcidids  appeared  in  larsc  numbers,  and  the 
last  specimen  to  nialvc  its  appearance  emerged  on  June  14.  While 
the  parasite  was  abundant  about  Geneva  during  this  year  it  whs 
relatively  quite  scarce  in  plantings  of  Cratwgus  at  Rochester. 

Besides  the  foregoing  parasite  there  has  been  reared  from  P.  col- 

laris  an  ichneumon  which  proved  to  be  a  new  species  and  has  been 

listed  SisPezopontstenthrcilinarum 

Rohwer.     During   1913   quite  a 

few  pupae  were  observed  to  \k 

parasitized,  presumably  by  this 

species,  and  in  one  collection  of 

eleven  cocoons  of  the  sawfly,  sLx 

specimens    were     parasitized. 

Durir^  this  year  adults  of  this 

parasite  made  their  appearance 

I  in  breeding  cages  from   May  2 

^^^***^^  *  to    21,    and     some     indiviiiu:.!-? 

fclr***^r  \  were  collected  from  cherry  trees 

'  on  May  29. 

The  larva  (Fig.  16,  a)  is  a 
whitish,  spindle-shaped  grub  and 
is  t  to  5  millimeters  long.  T!-e 
body  is  composed  of  thirteen  scg- 
mments  and  the  head  is  small  and 
inconspicuous.  The  entire  skin  is 
thickly  covered  with  minute  teeth. 
The  pupa  (Fig.  16,  b)  is  whitisih  with  dark  eyes  and  shows  all  the 
characters  of  the  adult.  The  wing  pads  are  narrow  and  lie  between 
the  folded  femora  and  tibia;  of  the  last  two  pairs  of  legs.  The 
antenme  are  extended  along  the  ventral  side,  reaching  about  the 
fourth  aMominal  segment.  The  ovipositor  curves  dorsally  around 
the  last  abdominal  segment.  The  original  description"  of  the 
adult  is  as  follows: 

"  Fnnale.  (I'i;;.  1"). —  Length  C  mm.  Anterior  margin  of  the  clypeus  trunc:itc 
with  a  narrow  drprciscd  educ;  head  below  the  antemia;  opaque.  Kranular  with  a  (ew 
poorly  defined  punctures  intersprcad;  above  the  an tennip,  shining,  finely  granular, 

»  Rohwer,  S.  A.     Proc.  U.  S.  Nat.  Mmmm,  41:216.    1915. 
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16, —  PAnuBvrtlPezopnTtis  tenth  xdina' 

lUlHWES)    OF  THE   SaWFLT. 

a,  Lan-a  (X  mi;  b,  Pupa  (X  18). 
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dmoet  impunctate;  postoMllar  lino  subcqual  with  the  o«cllocu1ar  line;  posteriur 
orfoiU  as  broad  as  the  cephalocaudad  diameter  of  the  eye;  HaKellum  Htout.  larger 
apically,  the  first  joint  nlightly  shorter  than  the  second  and  a  little  more  than  twice 
u  long  as  ita  apical  width;  second  joint  2i  times  A3  long  as  its  apical  tvidth,  the  third, 
Fourth  aod  fifth  joints  aubequal  and  I^  times  as  long  as  their  apical  width;  malar 
furrow  well  defined  and  limitiiig  tlio  granular,  opaque  sculpture  of  the  face,  separating 
it  from  the  E!ii:iiii/;  sculpture  of  the  posterior  orbita;  raiiidlbli's  v.ith  t'le  teeth  of 
equal  leoKth;  mesoscutum  shininE;,  practically  impiinctate;  suture  bettveen  the  scutum 
and  scutcllum  broad,  shallow,  bottom  finely  foveulate;  scuteUum  sliiniug,  prauUcally 
impunctate;  propodeuTi  opaque;  the  lonRitudinal  rariLi:;?  detlp.iiij;  the  basal  area 
and  the  areola  well  defined;  basal  area  and  areola  confluent;  basal  median  lateral 
areas  separated  by  a  poorly  defined  carina  which  becomes  Bul><>b»)lete  laterally; 
Qrat  tergit«  smooth,  without  strong  sculpture,  the  lateral  carinic  extending  from  base 


to  apex;  second  and  following  tergitcs  smooth,  practically  impunctate;  areolet  hex- 
agonal with  the  basal  and  apical  ends  subeq'j'i!,  bla^k;  mandibles  except  the  piccot^ 
apices,  clypeus,  antennie  (becominj;  infiiscated  and  darker  apically),  and  t«gii!iB 
»hite  or  whitirii;  legs  rufo-ferri^inous;  6rst  thriMj  tergites  rufo-fiiTu vinous,  but  the 
^des  of  the  first  and  small  lateru!  spots  on  the  iiccond  and  third,  infuscate. 

Male, —  Length  4.5  mm.  Sculpture  a(;rees  nell  with  the  female;  the  anteniuc  are 
slighUy  longer  and  not  so  robust  apically,  the  third  joint  is  distinc;,ly  longer  than  tho 
fourth;  fourth  and  fifth  arcsubequal,  thesi.vth  la  slightly  shorter  than  the  fifth.  Agrees 
v.ith  the  female  in  color  except  the  bases  of  the  posl<irior  coxis  are  black  and  tho 
U'r^ites  are  black  except  the  small  ferruginous  spot  on  the  apex  of  the  first,  transverse 
^ical  bands  on  the  second  and  third," 

Apparently  there  is  associated  with  the  foregoing  ichneumon  an 
undescribcd  Tryphonine,  but  owing  to  the  small  numbers  collected 
it  is  impossible  to  make  any  statement  at  this  time  as  to  its  status 
aa  a  parasite  of  the  sawfly. 
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STATION  EXPERIMENTS  TO  CONTROL  THE  SAWFLY  ON 

CHERRY. 

tests  against  newlt-hatched  larvae. 

By  reason  of  the  habits  of  the  larvae  in  burrowing  into  the  interior 
of  the  leaves,  insects  such  as  the  cherry  sawfly  are  regarded  as  very 
difficult  species  to  combat.  The  chief  difficulty  is  that  most  spraying 
mixtures,  when  applied  to  foliage,  tail  to  exert  their  toxic  properties 
against  the  creatures,  which  is  eiccounted  for  by  the  resistance  of  the 
leaf  structures  to  penetration  by  the  insecticides.  An  exception 
among  this  class  of  pests  is  the  elm  sawfly^  (KaUoeyphinga  tibni 
Sund.),  an  insect  with  habits  quite  similar  to  the  cherry  species  and 
which  in  recent  years  has  been  shown  to  be  quite  sensitive  during 
the  early  stages  of  attack  to  nicotine  solutions.  The  successful 
results  in  this  case  pointed  to  the  desirability  of  tests  on  the  spray- 
ing of  cherry  orchards  with  the  same  preparation  in  an  effort  to 
destroy  the  mining  larvse  at  the  first  i^pearance  of  initial  injuries. 
To  this  end  an  orchard  of  English  Morello  belonging  to  Mr.  Chas.  K. 
Scoon  of  Geneva  was  placed  at  the  disposal  of  the  Station  for  two 
years,  and  each  season  the  trees  were  sprayed  with  nicotine  solution 
(40  per  ct.)  in  the  proportions  of  either  one  or  two  pints  to  one  himdred 
gallons  of  water  to  which  were  added  five  pounds  of  soap.  In  spite 
of  very  thorough  treatments  and  liberal  applications  of  spraying 
mixtures  there  was  no  evidence  at  the  conclusion  of  the  operations 
of  penetration  of  the  mined  areas  of  the  leaves  by  the  liquid  or  of 
any  influence  of  the  nicotine  spray  upon  the  larvse.  Later  observa- 
tions of  the  trees  confirmed  earlier  impressions,  for  none  of  the 
treated  trees  showed  any  appreciable  benefit  from  the  different 
applications.  Because  of  these  results  further  attempts  to  combat 
the  pest  by  this  means  were  abandoned. 

tests  against  BfATURE  LARVAE. 

As  previously  described,  the  larva  in  its  older  instars  consumes  the 
mesophyl  or  pulpy  substance  of  the  leaf,  leaving  only  a  thin  papery 
epidermis  to  protect  the  creature  within  its  mine.  The  undermined 
epidermis  forming  the  tunneled  area  or  blister  shows  a  shriveled  or 
wrinkled  appearance  during  dry  weather,  which  would  suggest  that 
it  might  absorb  spraying  mixtures  and  prove  penetrable  to  them  to 

.>*Hemck,  Glenn  W.    ComeU  Univ.  Agrl.  Expt.  Sta.    Bui.  333, 1913. 
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the  disadvantage  of  the  enclosed  insect.  The  following  tests  were 
designed  to  determine  the  effectiveness  of  various  insecticides  upon 
the  insect  under  such  conditions. 

On  May  28  several  lots  of  branches  each  showing  several  larvsB 
were  noted.  Applications  of  various  insecticides  were  then  made 
and  three  days  later  the  different  lots  of  branches  were  examined  to 
determine  the  effects  of  the  treatments  upon  Ihe  larvee.  The  results 
are  summarized  in  Table  I. 

Table  I. —  Efrctb  of  iNSBcnciDas  on  Labvax  op  Cbbrbt  Sawflt  Lbaf-Minkr. 


No. 

of 

twig 


I 
2 
3 
4 

5 
6 

7 
8 

9 

10 
11 
12 
13 

14 

15 


Tbeatmekt. 


Conoeatraied  solution  of  naphthalene  in  alooh<4 

Concentrated  solution  of  naphthalene  in  alcohol 

Kerosene  emulsiaii,  1  to  15 

Kerosene  emulsion  (1-15),  45  parts;  naphthalene  in 

alcohol,  5  parts 

Kerosene  emulsion,  1-10 

Kerosene  emulmon  (1-10),  45  parts;  ni^hthaJene  in 

alcohol,  5  parts 

(commercial  misctble  ofl,  1-50. 

Miscible  <»1  (1-50),  45  parts;  naphthalene  in  alcohol, 

5  parts 

Misdble  oil  (1-50),  40  parts;  naphthalene  in  alcohol, 

10  parts 

Nicotme  solution,  40  per  ct.,  1-800 

Nicotine  solution,  40  per  ct.,  1-800 

Nicotine  solution,  40  per  ct.,  1-800 

Nicotme  section,  40  per  ct.  (1-800),  15  parts;   oil 

emulsion,  1  part 

Nicotine  solution,  40  per  ct.  (1-800),  15  parts;   oil 

emulsiiHi,  1  part 

Nicotine  sohitum,  40  per  ct.  (1-800),  10  parts;   ofl 

emulsion,  1  part 


EfFBCTB  on  liABViB. 


No.  dead. 


1 
6 


No.  alive. 


1 
5 


5 
1 


1 
1 

2 

1 

4 


5 

5 

32 

25 

47 

21 
16 

21 

21 

17 

7 

18 

16 

23 

41 


The  great  resistance  displayed  by  the  lanrse  to  the  foregoing 
insecticides  prompted  some  tests  with  undiluted  kerosene  and  gasoline, 
applied  to  trees  by  sprajring  machine  or  to  the  mines  of  the  insect 
directly  by  means  of  a  paint  brush.  The  results  were  somewhat 
marred  by  the  fact  that  some  of  tiie  larvae  were  beginning  to  leave 
the  foliage;  but  the  difficulty  ol  killing  any  appreciable  number  of 
the  insects  by  even  these  substances  is  indicated  by  the  accompany- 
ing coontSy  which  were  made  twenty-four  hours  after  the  applicatiiHis. 
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Table  IT. —  Effects  of  Oils  on  Larvar  of  Cherry  Sawfly  Leaf-Minkr. 


No. 

of 

twig 


1 
2 
3 
4 
5 


Treatment. 


Kerosene  as  a  spray 

Kerosene  as  a  spray 

Kerosene  applied  with  a  brush 

Gasoline  as  a  spray 

Gasoline  applied  with  a  brush. 


Conditions  of  Mines  with 
Respect  to  Lakv^. 


No.  dead. 


2 
1 


No.  alive. 


7 
13 

6 
4 
8 


No.  missing 


6 

9 
8 
4 
3 


The  results  of  the  foregoing  tests  require  no  extended  comments. 
The  experiments  point  consistently  in  one  direction,  showing  that 
the  larvaB  of  Profenusa  collaris  when  under  normal  conditions  in  the 
foliage  are  not  susceptible  to  ordinary''  spraying  practices,  as  the 
more  common  insecticides  do  not  penetrate  the  epidermal  tissues 
of  the  cherry  leaf. 

TEST  WITH  HYDROCYANIC  ACID  GAS  AGAINST  LARVAE. 

For  comparison  with  various  spraying  mixtures  one  tree  was 
fumigated  with  hydrocyanic  acid  as  the  eggs  were  hatching  and  the 
mines  of  the  young  larvse  were  first  beginning  to  show.  Potassiam 
cyanide  was  used  at  the  rate  of  0.20  gram  per  cubic  foot  and  twenty 
minutes  was  allowed  for  the  period  of  fumigation.  Of  the  various 
treatments  given  cherry  trees  to  combat  the  larvse  this  was  the  only 
one  that  proved  efficient.  There  was  a  total  destruction  of  the  insects 
and,  in  marked  contrast  to  adjacent  trees,  the  foliage  of  the  fumigated 
tree  was  absolutely  free  from  mines  or  blisters  so  characteristic  of 
the  work  of  the  pest. 


REMOVAL  OF  AFFECTED  LEAVES. 

It  is  to  be  noted  that  of  the  foregoing  tests  fumigation  with  hydro- 
cyanic acid  gas  was  the  only  treatment  that  efficiently  checked  the 
destructive  activities  of  the  mining  larvae.  Effective  as  is  fumigation, 
it  appears  from  our  experience  with  the  pest  that  this  is  an  unpracti- 
cable  means  of  protecting  cherry  orchards,  as  the  losses  due  to  the 
work  of  the  insect  would  hardly  warrant  the  expenditure  for  neces- 
sary equipment.    There  remains  only  for  consideration  the  removal 
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of  affected  leaves  as  the  most  economical  and  really  satisfactory 
method  of  oombatmg  the  sawfly.  The  chief  merit  of  this  opera- 
tion is  that  an  almost  complete  destruction  of  the  larvsB  may  be 
effected,  but  this  involves  the  removal  of  all  the  tunneled  leaves. 
The  loss  of  foliage  may  seem  large,  but  it  is  more  apparent  than 
real  once  many  of  the  leaves  are  liable  to  be  so  severely  injured  as 
to  be  of  little  service  to  the  tree;  and  moreover  with  careful  work, 
accompanied  by  destruction  of  uncultivated  host  plants,  smaller 
numbers  of  the  leaves  should  need  to  be  removed  with  each  succeeding 
year.  In  a  test  to  determine  the  labor  involved  there  was  required 
approximately  one  and  one-half  hours  per  tree  for  a  man  to  remove 
all  affected  leaves,  ranging  from  a  thousand  to  twelve  hundred  in 
number,  from  trees  that  averaged  about  thirteen  feet  high  and  of 
about  the  same  breadth.  Compared  with  the  cost  of  spraying  for 
certain  fruit  pests  the  expense,  on  the  basis  of  these  figures,  is  not 
large  and  could  doubtless  be  greatly  reduced  by  the  employment  of 
children  or  other  cheap  help. 

TEST  WITH  SWEETENED  BAIT  TO  POISON  ADULTS. 

At  the  time  of  appearance  of  sawflies  in  maximum  numbers  on  the 
trees,  applications  of  a  sweetened  arsenical  spray,  composed  of 
arsenate  of  soda  and  sugar,  were  made  on  May  20,  1913,  to  the 
foliage  for  the  purpose  of  poisoning  the  insects.  The  ground  beneath 
a  number  of  trees  was  covered  with  cheesecloth  screening  for  the 
purpose  of  catching  such  fiies  as  should  happen  to  drop  from  the 
leaves  as  a  result  of  feeding  on  the  poisoned  bait.  A  few  sawflies 
did  actually  feed  on  the  sprayed  leaves  and  one  of  the  specimens  died 
in  about  one  hour,  but  the  majority  of  the  insects  were  not  attracted 
to  the  mixture.  Observations  of  the  sprayed  plat  for  several 
days  failed  to  detect  any  of  the  creatures  on  the  screens  spread 
beneath  the  trees. 

The  foregoing  experiment  was  repeated  on  May  18,  1914,  on  four 
rows  of  Morello  cherries,  averaging  about  fifteen  trees  to  a  row. 
The  following  formula  was  used: — arsenate  of  lead  4  ounces,  com 
syrup  2  pounds,  and  water  4  gallons.  The  spray  was  applied  in 
quantities  sufficient  to  wet  the  foliage  of  individual  branches,  and 
applications  were  made  to  different  portions  of  a  tree.  The  cherries 
were  in  full  bloom,  at  which  time  the  flies  were  numerous  and  very 
active.    There  was  no  evidence  of  feeding  on  the  poisoned  bait  by 
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any  appreciable  numbers  of  the  insects.  Oviposition  on  succeeding 
days  was  quite  extensive,  and  as  was  the  experience  during  the  previous 
year  the  application  of  the  arsenical  afforded  no  apparent  pro- 
tection to  the  trees. 

TESTS  WITJbL  nicotine  SOLUTION  TO  DESTROY  ADX7LTB. 

As  the  sawflies  are  slu^ish  during  cold  mornings  and  if  disturbed 
attempt  to  drop  rather  than  fly,  two  experiments  were  made  in 
successive  years  to  destroy  them  when  temperatures  were  low  by 
applying  nicotine  solution:,  40  per  ct.,  three-fourths  pint  to  one 
hundred  gallons  of  water  and  five  pounds  at  soap.  In  each  case 
the  treatments  were  ineffectual  as  only  a  few  of  the  flies  were 
apparently  affected  by  the  application. 

TEST  of  spraying  TO  PREVENT  OVBPOSXTION. 

In  an  effort  to  prevent  oviposition  or  reduce  the  extent  of  egg- 
laying,  ten  rows  of  Morellos  with  fifteen  trees  to  a  row  were  sprayed 
as  leaves  were  unfolding  as  follows: 

Two  rows  with  bordeaux  mixture  (6-6-50)  and  lead  arsenate 
3  pounds. 

Three  rows  with  nicotine  solution,  40  per  ct.,  three-fourths  pint 
to  50  gallons  of  water  and  3  pounds  of  soap. 

Two  rows  with  lime-sulphur,  1-50. 

One  row  with  whitewash,  25  pounds  lime  to  50  gallons  of  water. 

In  spite  of  thorough  spraying  of  the  unfolding  leaves  the  trees 
receiving  applications  of  the  above  mixtures  showed  no  appreciable 
benefits  as  a  result  of  the  different  treatments. 

CONTROL  OF  THE  LEAF-MINER  ON  HAWTHORNS. 

Contrary  to  the  results  of  our  spraying  experiments  in  cherry 
orchards  (see  page  426),  the  leaf-miner  when  on  hawthorns  appears 
to  be  susceptible  to  spraying  with  nicotine  solution  and  soap.  Dr.  C. 
S.  Sargent^'  of  the  Arnold  Arboretum  states  that  in  order  to  protect 
the  hawthorn  plantings,  it  has  become  necessary  to  spray  them  each 
year,  and  that  the  most  effective  treatment  is  the  foregoing  mixture, 
which  should  be  applied  as  soon  as  the  larv»  begin  to  tunnel  the 
leaves. 

'^  Loiter  of  June  U,  1915. 
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This  springy  under  the  direction  of  Mr.  John  Dunbar,  Assistant 
Superintendent  of  Parks,  Rochester,  a  test  was  made  of  this  same 
mixture  on  a  goodly  number  of  hawthorns  of  the  variety  C.  Geneseensis. 
In  one  plat  an  application  was  made  on  May  8,  at  which  timue  the 
eggs  of  the  species  were  being  deposited,  while  in  a  second  plat 
treatment  was  given  on  May  24  when  the  larvsB  were  batching. 
The  earlier  spraying  was  quite  ineffective,  but  the  later  application 
resulted  in  a  noticeable  reduction  in  the  number  of  affected  leaves. 
While  the  plants  were  not  entirely  free  from  affected  folia^,  they 
presented  much  better  conditions  than  the  checks  and  the  plat  that 
received  the  early  treatment. 

METHODS  OF  CONTROL. 

REMOVAL  OF  AFFECTED  LEAVES. 

Of  the  operations,  systematically  practised,  one  that  will  probably 
prove  most  effective  and  economical  in  controlling  the  leaf-miner 
is  the  picking  of  affected  leaves.  This  species  is  peculiarly  susceptible 
to  this  kind  of  repressive  method  since  there  is  only  one  brood  of 
larvie  to  attack  the  foliage  and  oviposition  extends  over  only  a  short 
period.  The  effect  is  that  hatching  of  eggs  and  maturing  of  larvse 
are,  practically  speaking,  almost  simultaneous  for  all  of  the  creatures, 
and  their  activities  during  their  injurious  stages  are  restricted  to  a 
relatively  short  period.  By  careful  timing  it  is  possible  at  a  single 
picking  to  collect  practically  all  of  the  larvse  by  removing  the  affected 
leaves,  which  should  then  be  biuued  to  destroy  the  insects. 
The  removal  and  destruction  of  all  mined  leaves,  coupled  with 
another  practice  —  the  destruction  of  wild  hawthorns  in  the  immedi- 
ate vicinity  of  the  cherry  orchard  —  should  leave  few  opportunities 
for  the  pest  to  develop  to  injurious  numbers. 

FUiaGATION  WITH  HTDROCTANIC  ACID  QAS. 

Of  the  various  measm-es  emplo3nng  insecticides  tested  by  this 
Station  to  protect  cherry  foliage  from  the  work  of  the  leaf-miner, 
(mly  fumigation  with  hydrocyanic  acid  gas  was  effective.  Most 
cherry  groweiB  in  New  York  are  not  equipped  with  suitable  apparatus 
to  undertake  this  means  of  affording  protection  to  their  trees,  and 
fumigation  should  only  be  undertaken  as  an  extreme  measure  and  in 
an  experimental  way  under  expert  direction. 
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CUMTVATION. 

Cultivation,  if  done  with  care  and  at  the  proper  time,  is  destructive 
to  many  insects  with  subterranean  habits.  Species  especially  that 
undergo  pupal  development  in  the  ground  are  not  only  peculiarly 
sensitive  to  disturbances  of  the  soil,  but  ploughing  and  cultivation, 
besides  breaking  up  the  cells  of  hibernating  larvas,  exerts  another 
detrimental  influence,  exposing  the  helpless  insects  to  insectivorous 
birds  and  other  foes.  Since  it  is  the  normal  habit  of  the  larvae  of 
this  sawfly  to  live  in  earthen  cells  for  the  greater  portion  of  the  life 
cycle  of  the  species,  such  practices  as  fall  or  early  spring  ploughing 
or  cultivation  are  to  be  recommended  from  an  entomological  stand- 
point. These  measures,  fortunately,  are  standard  operations  which 
are  invariably  practiced  by  the  more  successful  cherry  growers. 

DESTRUCTION   OF  UNCXJLTIVATBD  HOST-PLANTS. 

The  fact  that  the  sawfly  is  very  partial  to  hawthorns,  especially 
of  the  Crus-XidOi  group,  and  breeds  most  abundantly  on  them, 
suggests  the  desirability  of  destroying  these  plants  when  they  exist 
in  the  immediate  vicinity  of  an  orchard  of  the  English  M orello 
cherry.  The  value  of  this  operation  is  not  known;  but  until  there  is 
more  knowledge  of  the  breeding  habits  of  the  pest  the  removal  of 
wild  plants  along  roadsides  and  hedge  rows  that  are  attractive  to 
the  insect  for  purposes  of  propagation  would  appear  advisable  as  a 
precautionary  measure. 

SPRAYING  OF  HAWTHORNS. 

For  the  protection  of  hawthorns  in  decorative  plantings^  spraying 
seems  to  be  preferred  to  any  of  the  preceding  measures.  The  in- 
secticide which  has  given  the  most  satisfactory  results  is  composed 
of  one  pint  of  nicotine  solution  (40  per  ct.)  to  one  hundred  gallons 
of  water  to  which  are  added  four  pounds  of  soap.  In  mj^Wmg  the 
treatment  the  Uquid  should  be  used  in  liberal  amounts  and  applied 
with  rather  high  pressures  at  the  time  when  the  insects  first  begin 
to  mine  the  foliage. 


THE   TREE    CRICKETS    OF    NEW    YORK:  LIFE 

fflSTORY  AND   BIONOMICS/ 

BENTLEY  B.  FULTON. 

SUMMARY 

Most  of  the  tree  crickets  found  within  the  boundaries  of  New 
Tork  State  are  generally  distributed  over  the  eastern  United  Statesi 
wMe  some  range  as  far  as  the  Pacific  Coast  states.  They  include 
seven  species  of  the  genus  (Ecanthus  and  one  species  of  the  genus 
Neoxabetu 

The  interest  in  these  insects  centers  chiefly  about  their  remarkable 
reproductive  structures  and  instincts  and  their  peculiar  oviposition 
habits.  The  song  of  the  male^  which  serves  to  attract  the  female, 
is  produced  by  a  minute  rasp  on  the  tmder  side  of  the  f orewing 
which  is  scraped  by  a  structure  on  the  inner  edge  of  the  opposite 
wing.  In  producing  the  sound  the  wings  are  raised  at  right  angles 
to  the  body  and  vibrated  rapidly.  When  the  wings  are  so  raised, 
ttiere  is  exposed  on  the  metanotum  a  glandular  hollow,  the  secretion 
of  which  is  very  attractive  to  the  female.  The  latter  climbs  over 
ttie  abdomen  and  feeds  on  the  gland.  The  male  takes  advantage 
of  the  position  and  inserts  the  barbed  capillary  tube  of  a  spermato- 
phore  into  the  genital  opening  of  the  female  and  the  sperms  pass 
mto  the  seminal  receptacle.  The  spermatophore  is  formed  in  a 
peculiar  pouch  at  the  tip  of  the  abdomen,  by  the  hardening  of  a 
viscous  liquid  about  a  mass  of  sperms. 

The  female  prepares  for  oviposition  by  chewing  a  small  pit  in  the 
bark  of  the  plant.  The  drilling  is  accomplished  by  quick  downward 
tiirusts  of  the  ovipositor  and  a  slower  twisting  motion.  After  the 
egg  is  deposited  a  quantity  of  mucilaginous  substance  is  discharged 
into  the  hole,  and  with  most  species  the  female  plugs  up  the  opening 
with  chewed  bark  or  excrement. 

The  species  of  CEcanthus  can  be  divided  into  three  natural  groups 
according  to  their  morphology,  coloration  and  habits.  The  first  group 
includes  niveus,  anguatipenniSf  and  exclamationis*  These  are 
pale  whitish  crickets,  very  similar  in  appearance.  All  have  an 
intermittent  song  and  deposit  tfieir  eggs  singly  in  the  bark  of  trees 
and  bushes.    The  song  of  niveus  consists  of  a  series  of  clear,  rhyth- 

*  A  reprint  of  Technical  Bulletin  No.  42,  May,  1915. 
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mically  repeated  whisttes  with  a  pitch  about  C,  two  octaves  above 
middle  C.  The  number  of  notes  varies  from  about  sixty  to  over 
a  hundred  and  fifty  per  minute  according  to  the  temperature.  The 
songs  of  angustipennis  and  exclamationis  are  non-rhythmical 
and  have  longer  notes  and  rests,  generally  not  more  fluui  fifteen 
per  minute. 

The  second  group  of  q>ecies  includes  quadripunetatus,  nigri' 
cornis  and  pinu  The  song  of  these  crickets  is  a  continuous,  shiilli 
high-pitched  whistle.  All  tiiree  species  place  their  eggs  in  rows  ia 
the  pith  of  small  stalks  or  twigs.  Quadripunctatus  deposits  its 
eggs  in  loose  rows  in  small  or  meditun  sized  weeds.  The  eggs  of 
nigricornis  are  placed  in  compact  rows  in  large  weeds  or  in  the 
twigs  of  trees  and  bushes.  Pint  oviposits  only  in  pine  twigs,  so 
far  as  known. 

The  third  type  is  represented  by  a  single  species,  latipennU. 
The  song  of  this  cricket  is  a  loud,  clear  whi^e  with  a  musical, 
ringing  quality.  The  female  oviposits  in  grape  vines  and  weed 
stalks.  A  single  hole  in  the  outer  woody  layer  of  the  stem  serves 
for  the  deposition  of  from  four  to  twelve  eggs,  which  are  placed 
side  by  side  in  the  pith  in  two  groups,  one  above  and  one  below 
the  opening. 

Neoxabea  hipunctata  is  closely  related  to  crickets  of  tiie  genus 
(EcanthuB  and  was  formerly  classified  with  them.  Althou^^  gen- 
erally distributed  over  the  eastern  half  of  the  United  States,  it  does 
not  extend  very  far  north  and  is  known  to  occur  in  this  State  only 
in  the  southeast  comer.  It  has  been  collected  from  oak,  willow 
and  grape  vines,  and  deposits  its  eggs  singly  in  the  bark  or  cambxcun. 

INTRODUCTION. 

In  our  studies  dealing  with  the  economic  aspects  of  tree  crickets, 
we  extended  our  observations  to  several  species  which  do  not  affect 
cultivated  crops,  considering  especially  certain  interesting  habits 
which  have  little  or  no  bearing  on  the  horticultural  importance  of 
the  insects  as  a  group.  These  accumulated  data  have  been  brought 
together  in  this  bulletin.  The  species  discussed  include  only  those 
which  inhabit  the  eastern  United  States.  Several  other  species  of 
(EcanthuLS  occur  in  the  southwestern  states,  but  Uving  specimens  of 
these  could  not  be  obtained  and  therefore  they  were  not  considered 
in  this  investigation. 

It  seemed  advisable  to  include  in  the  present  work  some  material 
that  has  already  been  presented,  at  least  briefly,  in  Bulletin  No.  388, 
and  a  few  parts,  such  as  technical  descriptions,  have  been  copied 
Uteially. 
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All  descriptioiis  and  measurements  are  taken  from  living  or  re- 
cently killed  insects,  which  may  differ  considerably  from  dried  and 
shriveled  specimens. 

GENERAL  CHARACTERISTICS. 

The  term  "  tree  cricket "  is  commonly  appUed  to  any  of  the 
tree-  or  bush-inhabiting  insects  of  the  family  Gryllidffi.  The  com- 
monest and  best  known  of  these,  however,  belong  to  the  genus 
(EcarUkus,  of  which  there  are  about  twenty-seven  known  species. 
According  to  Kirby  ^"^*  sixteen  of  these  are  found  on  the  American 
contment,  while,  of  the  remaining  species,  one  occurs  in  Europe  and 
the  others  inhabit  various  parts  of  Africa,  Asia  and  the  East  Indies, 
with  one  extending  as  a  rare  species  into  Australia.  All  members 
of  the  sub-family  (EcanthiruB  known  to  exist  in  our  fauna  are  included 
in  this  genus,  except  one  species  which  has  been  placed  in  a  separate 
genus,  Neoxabea.  These  insects  are  among  the  most  specialized  of 
the  Orthoptera  and  they  are  characterized  by  their  slender  shape, 
pale  color  and  arboreal  habits.  From  all  other  members  of  the 
Gryllidse,  the  (EoantMruB  can  be  readily  distinguished  by  the  following 
characters:  The  tarsi  are  three-jointed,  and  the  second  segment  is 
small  and  compressed.  All  the  legs  are  very  slender  and  in  CEcanihus 
are  armed  with  two  rows  of  minute  teeth  interspersed  with  a  number 
of  delicate  spines.  The  males  have  very  broad  and  flat  tegmina 
which  lie  in  a  horizontal  position  over  the  abdomen,  while  those  of 
the  female  are  narrow  and  wrapped  closely  about  the  body.  The 
two  basal  se^gments  of  the  lon^,  filiform  antennse  are  generally  or- 
namented with  peculiar  and  distinctive  black  markings  which  are 
fairly  constant  and  serve  as  convenient  characters  for  separating 
the  different  species. 

The  various  species  of  (Eocmtkus  in  this  faunal  region  seem  to  fall 
naturally  into  three  groups  as  indicated  by  their  morphology,  color- 
ation and  habits.  These  groups  are  typified  by  the  species  (1)  niveVrS, 
(2)  mgricornis  and  (3)  VaMyennis,  The  first  group  includes  those 
which  live  mostly  among  woody  plants,  either  busiies  or  trees,  and 
deposit  their  ^gs  singly  in  various  places  in  the  bark  of  the  plants. 
The  second  group  comprises  those  species  which  deposit  their  eggs 
not  in  the  bark  but  in  the  inner  pith  cavity  of  small  stalks  or  twigs, 
mftlfing  a  separate  puncture  for  each  egg  and  grouping  them  more 
or  less  closely  in  long  rows.  The  third  type  is  represented  here  by 
only  one  species,  which  places  several  eggs  in  the  central  pith  through 
the  same  opening  in  the  outer  woody  layer  of  the  stem,  arranging 
them  in  two  groups,  one  above  and  one  below  the  opening.  The 
structural  and  color  characters  separating  the  three  groups  are 
indicated  in  the  following  key  to  the  species  that  occur  in  this 
region. 

*NtiinberB  in  ()  refer  to  Bibliography,  pp*  476  and  477. 
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KET  TO  the  species  OF  (EcOJlihttS  FOUND  IN  EASTERN  NORTH  AMERICA. 
A  Basal  s^ment  of  anteniup  with  a,  awellmg  on  tbe  front  tuid  iuiter  dele.     Fint 
and  second  segmenta  each  with  a  single  block  mfu-k. 
B  Basal  ontetinal  segment  with  a 
round  black  spot.   (Fig.  18  a) 
niMus  De  Geer 
BB  Basal  aotennal  segment  with 
a  J-ahaped  black  mark.  (Fig- 
18,  b)       anyiwHpennw  Fitdi 
BBB  Baaal  aotennal  segment  with 
aatraight  club-shaped 
black  mark.    (I'ig.  18,  c) 
exdamoiionii  Davis 
AA  Basal  antetmaJ   segment  without  a 
swelling  on  the  front  and  inner 
side,    flnt  and  second  anteonal 
segmentB  each  with  two  black 
marks  or  entirely  black.   Teg- 
mina  of  nu^e  5  mm.  or  less  in 
width, 
B  Head  and  thorax  pale  yellowish- 
green  or  black  or  marked  with 
both  colore. 

C  first   antennal   segment 

with   a   narrow    black 

line   along   inner  edge 

and  a  black  spot  near 

tbe  distal  end.    Body 

entirely  pale  yellowiA- 

green.     (Fig.  18,  d) 

quadripunctiaus  Beut. 

CC  First  ant^mal  segnient 

with  black  markings 

similar  to  above,  but 

broader  and  usually 

confluent,  sometimes 


S3  Item's    F,o.l8.-Bjj>^yij™:™^8.«,™™o. 


ii  ;  d,  (E.  gwiJnpunct- 

utiu;  e,  (E.  pini;  (,  CE.  mgrUornU-,  light 
form;  g,(E.  mfrtcomu, dark  form;  h,  (E. 
laiipennii;  i,  tfeoxabea  bibuaetaUi. 


segment.    Head  and 
thorax    often    with 
three   longitudinal    ».   '^^'^"f_^ 
blackstripee:  ventral        -'"--- 
side   of  abdomen 
always  soUd  black  in 
lite.    (Figl8,f,B) 
nijricomii  Walker 

BB  Head,  thorax  and  antenns  reddish  brown.    Wings  in  life  with  conspicuous 

green  veins.     Marks  on  basal  antennal  segment  broad  but  seldom 

confluent.    (Fig.  18,  e)  pint  Beut. 

AAA  Basal  antennal  segment  without  a  swelling  on  the  front  and  inner  side.     Ban! 

portion  of  antenna  red,  unmarked  with  black.     Tegmina  oS  male  about  8  mm. 

wide.     (Fig.  18,  h)  lottpmnu  Eilcy 

GENERAL   DE8CRIPTIONB   OF  LIFE   STAGES  OF  (ECANTHU8. 

Egg. —  The  epgp  of  the  species  belonging  to  the  genus  (Ecanihis 
are  elongate,  cylindrical  and  sightly  curved.  At  the  time  of  depo- 
sition they  are  semi-transparent,  but  later  they  grow  more  opaque 
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and  become  slightly  swollen.    The  cephalic  end  possesses  a  whitl^ 
opaque  cap,  which  is  covered  with  minute  projections,  arranged  in 

spiral  rowH  after  the  fashion  of  the  scales  of  a  pine  cone.  At  the 
extreme  base  of  the  cap,  only  shallow  rhombic  depressions  occur, 
but  above  the  first  few  rows  short  projections  appear  between  the 
indentations  and  gradually  increase  in  size  in  each  successive  row. 
The  entire  surface  of  the  egg,  exclusive  of  the  cap,  is  etched  with 
what  appear  to  be  very  minute  cross-hatched  scratches.  The 
number  and  size  of  the  spicules  vary  considerably  with  different 
species  and  are  useful 
characters  for  distiu- 
guLshlng  the  eggs  of 
certain  of  the  crickets. 
Nymph. —  The  newly 
hatched  nymphs  are 
very  pale  and  delicate. 
After  feeding,  the  size 
of  the  abdomen  is  in- 
ereased  and  the  con- 
tents of  the  alimentary 
canal  show  through  the 
body  wall  and  give  the 
ifl-sect  a  darker  color 
and  more  robust  ap- 
pearance. The  appear- 
ance of  the  nymphs  and 
the  characters  distin- 
guishing the  different 
iii.^tars  are  shown  in 
Plate  XXX  and  rig.  10. 
The  first  instar  is  char- 
!icf  frized  by  having  only 
thirty-four  segments  in 
the  antenns  while  the 
sides  of  the  meso-  and  , 
tnetanotum  do  not  pro- 
ject, and  they  extend 
downward  scarcely  as  far  as  do  the  sides  of  the  pronotum.  The  second 
imtar  differs  from  the  first  by  a  slight  downward  extension  of  the  sides  of 
the  meso-  and  metanotum.  The  edges  are  free  and  lap  over  the  pleura. 
The  antenna;  have  about  double  the  number  of  segments  of  the  first 
stage.  The  third  instar  is  characterized  by  a  still  further  prolongation 
of  the  sides  of  the  meso-  and  metanotum  so  that  they  appear  as  dis- 
tinct and  rudimentary  wing  pads.  The  antcnnal  segments  are  in- 
creased to  nearly  one  hundred.  On  the  fourth  instar  the  wing  pads 
arc  folded  back  over  the  (horax  and  reach  to  the  second  abdomin;)!  seg- 
ment.   In  the  fifth  instar  they  reach  to  the  third  or  fourth  a^meot 


Pio.19.- 


X  FitxNtii^uL 
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The  differences  between  the  three  groups  of  species  an  plflinly 

evident  in  the  first  in8tar(Fig.  20).     In  tho  niveua  type  the  nymphs 

are  white  with  a  few  fine  black  marks  on  the  head  and  liiorax;  in 

the  nigricomis  type  tiiey  are  pale  greenish  yellow  with  a  slight 

dorsal  infuscation  and  a  pale  median 

line;  and  the  nymphs  of  latipennU 

are  white  with  a  purplish  red  dorsal 

area  and  a  pale  n-edian  line. 

AdvU  (Plate  XXX,  fig.  6),—  Body 
slender.  Long  axis  of  luad  in  life 
nearly  horizontal.  Pronotum  slight  1y 
elongated;  disk  narrowed  in  front; 
sides  nearly  vertical  at  hind  edge, 
flaring  outward  in  front  part.  Abdo- 
men composed  of  ten  s^ments,  in- 
cluding the  last  which  be^  the  cerci 
and  anus.  First  segment  much  re- 
duced ventrally.  Antennffi  filiform; 
over  twice  the  length  of  body.  Legs 
slender;  hind  femora  a  httle  thick- 
ened. Hind  tilHte  with  a  double  row 
.  of  teeth  on  posterior  side,  inter- 
mixed on  distal  half  with  longer 
spines;  with  three  pairs  of  spurs  at 
*  B  C  the  tip.    Anterior  tibia  with  a  tym- 

Fio.   20.—  Nthfob   OH'  tkb   Fibct   panum  near  the  base. 
isBTAn,  iLLirBT^.nNo  'mi  TsRM       The  hind  wmgs  of  both  sexes  are 
^^  °C     -"f™;        ,^-       ■     folded  and  generally  extend  beyond 
'  I    •  -n  .  -I      i~         jjjg  j.jp  pf  j[^g  Jqj^  wmgs. 

Males  have  the  fore  winga  much  broader  than  body,  A  longi- 
tudinal  fold  occurs  about  one-third  way  from  the  coetal  mai^; 
the  inner  two-thirds  lies  horizontally  over  the  back  and  the  remainder 
is  deflexed  toward  the  sides. 

The  fore  wings  of  the  female  are  regularly  reticulated,  much 
narrower  than  those  of  the  male,  and  are  wrapped  closely  around 
the  body.  A  longitudinal  bend  of  about  ninety  degrees  is  located 
about  half  way  between  the  two  margins. 

HATCHDfQ. 

The  time  of  hatching  seems  to  be  fairly  uniform  for  the  fooi 
species  of  which  data  on  this  process  were  obtuned,  namely  (E. 
niveus,  angustipennia,  nigricomis  and  mtadripunctatua.  For  average 
years  in  western  New  York  it  begins  from  the  tenth  to  the  middle 
of  June  and  the  insects  may  continue  to  appear  until  about  the 
twentieth  of  that  month.  Farther  soul^  the  time  of  batctiing  is 
correspondingly  earlier. 
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The  process  of  hatching  is  best  «xp)uDed  by  the  Bcc<HDpanying 
figure  (Fig.  21).  The  egg  becomes  slightly  swollen,  preceding  the 
period  of  hatching,  apparently  due  to  an  increase  in  internal  pressure. 
The  end  of  the  cap  breaks  of7,  and  the  embryo  slips  out  (Fig.  21,  b). 
It  retains  its  embryonic  form  until  about  half  way  out,  then  tiie 
thorax  becomes  strongly  arched  upward  (Fig.  2],  c,  d).  l^e  nymph 
continues  to  work  itself  out  by  muscular  contractions  of  the  abdomen 
and  by  moving  the  lx>dy  up  and  down  and  from  side  to  side.  A  deli- 
cate membrane  projects  from  the  egg  puncture  and  clings  to  the  body, 
making  it  difficult  for  the  nymph  to  free  the  hind  legs  and  antemue. 
The  latter  are  finally  graep«d  by  the  mouth  parts  and  worked  out 


Fio.  21. 
*,  Poatiiw  of  embryo  in  egg; 


Hatchiko  or  Tbei  Cricsetb. 
),  c,  d,  «,  Successive  Btagea  in  emergeaoe  of  nymph. 
Dnwiiia*  mada  from  tX.  jaaJriftBuiaiii. 


by  movements  of  the  head  (Fig.  21,  e).  Within  about  ten  or  twelve 
minutes  the  nymph  is  free  and  crawb  upward  on  the  plant.  A  pro- 
minent watery  bump  on  the  head,  which  formerly  filled  out  the  end 
of  the  flggi  gradually  diminishes  in  siee  and  within  half  an  hour  is 
not  apparent.  Some  nymphs  never  succeed  in  freeing  themselves 
from  the  egg  uid  these  are  often  devoiu^  by  their  more  fortunate 
companions. 

In  bU  cases  observed  the  ventral  side  of  the  embryo  lies  next  to 
the  outer  curve  of  the  egg,  thus  if  the  egg  curves  downward  in  the 
plant,  the  embryo  will  emerge  ventral  aide  up.  The  eggs  of  (E. 
quadripundciliia  generally  turn  upward  in  the  stalk,  while  those  of 
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(E.  nigricomis  turn  downward  in  nearly  all  cases.     The  eggs  of  the 
other  species  turn  downward  much  more  often  than  upward. 

MOLTING. 

When  a  nymph  prepares  to  molt,  it  first  fastens  its  claws  firmly 
in  the  bark  or  in  the  tissues  of  a  leaf,  extends  the  antennae  back- 
ward and  arches  up  the  back.  The  skin  splits  along  the  dorsal 
median  line  of  the  head  and  thorax.  The  head  is  bent  down  and 
the  thorax  works  out  through  the  split.  The  fore  and  middle  legs 
are  pulled  out  and  exercised,  while  the  palpi  and  antenna)  are  stiD 
held  in  the  skin.  The  hind  legs  are  pulled  upward  and  forward. 
The  antennae  are  partly  pulled  out  by  straightening  the  body,  and 
then  they  are  grasped  by  the  mouth  and  worked  out  in  the  same 
manner  as  noted  in  the  process  of  hatching.  When  the  hind  legs 
are  free  the  nymph  grasps  the  support  and  pulls  out  the  hind  part 
of  the  abdomen.  Later  the  skin  is  eaten  by  the  insect  if  in  the 
meantime  the  discarded  remnant  has  not  been  consumed  by  some 
other  cricket. 

FEEDING   HABITS. 

The  food  of  the  crickets  consists  of  a  great  variety  of  materials 
of  both  plant  and  animal  origiji,  which  are  soft  enough  to  be  ma.sti- 
cated  by  their  comparatively  weak  mandibles.  In  the  breeding 
cages  the  crickets  were  fed  almost  entirely  on  plant  lice,  which  were 
readily  available  and  on  which  the  crickets  seemed  to  thrive  well. 
Any  cricket  which  was  injured  or  in  any  way  unable  to  defend  itself 
was  generally  devoured  by  its  companions.  They  also  ate  numerous 
small  holes  in  raspberry  leaves,  and  chewed  at  the  cambium  layer 
of  apple  branches  in  places  where  it  w^as  exposed  by  a  cut.  They 
ate  the  anthers  and  other  floral  parts  of  the  wild  carrot  {Daucus 
carota)  and  also  chewed  out  patches  of  the  outer  tissue  of  tlie  stalks. 
Tree  crickets  confined  on  branches  with  ripe  peaches  and  pliuns  ate 
round  holes  in  the  sides  large  enough  to  uisert  their  heads  in  order 
that  they  might  feed  on  the  inner  pulp.  They  would  also  subsi^^t 
on  slices  of  ripe  apples  placed  in  tlic  breeding  cages,  but  at  no  time 
did  they  touch  the  whole  fmit  that  was  sound,  apparently  being 
unable  to  penetrate  the  outer  skin.  Tree  crickets  in  the  breeding 
cages  readily  fed  on  San  Jos6  scale  on  badly  infested  apple  branches. 
They  devoured  both  the  protective  covering  or  scale  and  the  insect 
itself.  One  nymph  of  niveus  m  the  fourth  stage,  which  was  confined 
to  this  diet,  ate  on  an  average  al^out  four  hundred  scales  during  a 
night,  counting  both  mature  and  immature  insects,  and  on  cue 
night  devoured  over  nine  hundred  individuals  of  this  coccid. 

For  further  information  on  the  natural  feeding  habits  of  the  tree 
crickets,  the  crops  of  a  number  of  specimens  of  niveus  and  angxisti- 
penniSf  from  apple  and  nigricomis  from  raspberry,  were  dissected 
out  and  the  contents  examined  under  a  microscope.    In  most  speci- 
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mens  a  lai^  part  of  the  diet  consisted  of  plant  tissue  in  which  could 
be  recognized  ch lorop I ly  11- bearing  cells,  leaf  hairs,  vascular  tissue, 
raycelia  and  spores  of  various  funfri. 
Crops  from  niveus  and  ajigustipennis 
usually  contained  a  small  amount  of 
insect  material,  and  in  some  speci- 
mens this  was  the  main  constituent. 
In  many  cases,  it  was  possible  to  de- 
tect parts  of  aphids,  scale  insects  and 
what  appeared  to  be  the  cast  skins 
of  the  crickets  although  these  mate- 
rials were  usually  much  broken  up  and 
barely  recognizable.  Two  crops  con- 
tained a  few  lepidopterous  wing  scales 
and  in  another  the  leg  and  wing  of 
a  small  hycncnopterous  insect  were 
detected.  Specimens  of  nigricornis 
always  appeared  to  feed  more  exten- 
sively on  plant  tissue,  although  in 
some  specimens  a  few  insect  remains 
could  be  distinguished. 

DIGESTIVE  ORGAJJS. 

The  digestive  oi^^ans  of  tree  crick- 
ets have  some  peculiarities  wort.hy  of 
notice.  The  crop  (Fig.  22,  d)  is  large 
and  thin  walled  and  reaches  to  about 
the  middle  of  the  body;  the  proven- 
trieulus  (Fig.  22,  e>  is  spherical  and 
lies  between  the  two  anterior  lobes 
of  the  stomach.  The  ventriculus  or 
stomach  is  divided  by  a  constriction 
into  two  parts;  the  anterior,  thick 
walled  portion  (Fig.  22,  f)  bears  two 
ccEca  at  the  antericr  end  and  one  on 

the  right  side  about  the  middle;  the   Fio.22.— DioESTivBSTBTwiojTmiiB 
posterior,   thin    walled    portion  (Fig.  Crickets, 

22,  h)  bears  a  ccecum  at  the  anterior  »'  Conunon  salivary  duot;  b,  B&livary 
end;  the  posterior  end  suddenly  nar-  f  S^lSTfo^'Jini 
rows  down  before  passmg  uito  the  ventriculus;  g,  malpighian  tube; 
hind  intestine.  At  this  point  asmall  K  hind  part ot ventriculus;  i, coin- 
duct  enters  (t  ig.  22,  i)  which  arises  at  P??  ^""^  ''°P^  malpighian  tubca; 
the  junction  of  the  numerous,  long  '■ ''""'  '"^^"'"''  ''■  '"**"""' 
malpighian  tul>e8  (i'ig.  22,  s)-  'I'lic  proctodj^uin  or  hind  intestine 
is  short  and  has  only  one  bend  in  it  (I'ig.  22,  j). 
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The  pair  of  salivary  glands  lie  in  the  thorax  (fig.  22,  b).  The 
ducts  frOTD  each  receive  a  branch  from  the  associated  thin  walled 
reservoir  (Fig.  22,  c)  and  unite  under  the  cesophagua  into  a  commoD 
salivary  duct  (Fig.  22,  a)  which  opens  under  the  hypoi^uuyax. 

HUBICAL  OBOANS  AND   SONO    FRODnCTION. 

The  songs  of  tree  crickets  form  a  considerable  part  of  the  insect 
sounds  to  be  heard  in  late  summer  and  autumn.     The  males  gener- 
ally place  themselves  in  some  hidden  retreat  amoi^  the  ^vee, 
with  only  their  long  anteniue  projecting  to  warn  them  of  approaching 
dangers.     They  stop  singing  at  the  ^htest  jar  of  the  ground  or 
movement  of  the  plfuits  in  which  they  are  located,  but  at  night  a  strong 
li^t  can  be  thrown  on  them  without  appreciably  disturbing  tiiem. 
In  preparii^  to  sing  the  male  raises  the  fore  wings  or  tegmina 
perpendicular  to  the  body.    This  move- 
ment automatically   unfolds  them  so 
that  the  inner  portion,  which  normally 
lies  horizontally    over  the  back,  and 
the  inflexed  outer  portion,  come  to  lie 
in  the  same  plane  when  the  wings  are 
r^sed.     The  sound  is  produced  by  the 
fore  wings  vibrating  rapidly  in  a  trans- 
verse direction,  so  that  the  overlapping 
inner  portions  rub  against  each  o&er. 
The  meclianism  which  produces  the 
sound  is  found   near  the  base  of  the 
wing,  the  broad  expanded  distal  part 
Fia  23.-  Left  W.no  or  <E.  IM-     "V™^  ^  *  resonator  to  increase  the 
permit,  flHowiNo  Rabp  <a)  add     volume  Of  sound.     A  short  but  promi- 
ScBAPis  (b).  nent  transverse  vein,  about  one-fourth 

way  from  the  base,  is  modified  beneath 
to  form  a  minute  fiUfonn  rasp  (Fig.  23,  a).  It  is  from  one  to  one  and 
a  half  millimeters  \oag,  according  to  species,  and  bears  from  twenty 
to  fifty  short  teeth  which  are  inclined  slightly  toward  the  opposite 
wing.  In  aU  of  many  specimens  examined  the  right  wii^  laps  over 
the  left.  The  latter  has  a  fine  thicicened  ridge  along  the  inner  edge 
just  opposite  the  file  (Fig.  6,  b).  This  scrapes  against  the  teeth  of 
the  file  on  the  right  wing  and  thus  produces  the  sound  vibrations. 
The  underside  of  the  left  wiiy;  has  a  file  practically  identical  to  the 
other  but  this  is  apparently  seldom,  if  ever,  used.  In  fact  it  b 
doubtful  if  it  ever  could  be  used,  for  the  scraper  on  the  right  wing  is 
imperfectly  formed  and  in  most  cases  at  least  lacks  the  chitinous 
ridge  aloi^  the  edge. 

UATINO   HABITS. 

The  peculiar  matii^  habits  of  the  Giyllidfe  have  aroused  the 
interest  of  a  number  of  entomolt^iste  both  in  this  country  and  in 
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Europe.  The  first  careful  and  detwled  study  of  the  subject  waa 
made  by  Lespfe"-"  in  1855.  In  reowit  years  their  activities  in  this 
respect  have  been  carefully  considered  by  Hancock,*  *■  Houston,'*'* 
Bamngartner'"'  and  Jensen'*  "^in  this  country  and  byCholodkovsky,**^ 
Boldyrev"*'  and  Engelhardt'"*  in  Ruasia.  My  own  observations  ahow 
that  the  mating  habits  of  (Ecanlhiia  are  similar  in  many  respects  to 
those  of  Gryilus  and  Nenwtnua  as  studied  by  Baumgartner. 

The  male  calLs  vigorously  until  a  finale  comes  near  him,  in  which 
case  he  sidles  toward  her,  without  any  cessation  in  his  singing  and 
keeping  his  head  in  an  <q)poeed  direction.     If  he  succeeds  in  attracting 
her  attention  she  climbs  over  his  body  and  b^^ins  to  feed  on  the 
secretion  of  a  glandular  cavity  on  the  metanotum,  which  is  deBcril>ed 
by  Hancock  as  an  "alluring  gland."  The  male  stands  with  I^s  spread 
wide  ai>art  and  the  tegmina  are  held  at  an  angle  of  about  45  degrees 
above     the    abdomen 
(Plate  XXXI,  Fig.  1). 
His  body  sways  and 
twitches  considerablv 
and  the  hind  wings,  which 
lie  folded  along  the  back 
have  a  peculiar  jerky 
movement  whenever  the 
female  bites  at  the  gland. 
The  antennie  are  waved 
about     wildly    and    are 
aften  thrown  back  so  as 
to  croes  and  rub  against 

those  of  the  female.  After  F,o.24.-PoBmoNo»BoME80FMAL«ANi.F.iiALB 
about  half  an  hour,  the  wmu  TsANsreBMNo  Spbbiiatophob>. 

male  reaches  back  with 

his  abdomen  and  the  female  bends  her  abdomen  downward.  Thig 
enables  him  to  slip  a  pair  of  small,  laterally  compreesed  blades  into 
the  notch  at  the  tip  of  the  female's  subgenital  plate.  (Fig.  24.)  At 
this  time  the  barbed  capillary  tube  of  a  spermatophorc  is  pushed  into 
the  vagina  and  when  the  tip  of  the  abdomen  is  withdrawn  the  bulb  of 
the  spermatophore  is  drawn  out  of  its  pocket  in  the  male  and  remains 
fastened  to  the  female.  The  latter  does  not  leave  immediately 
but  continues  to  partake  of  the  secretion  of  the  gland  for  a  half 
hour  or  more.  She  finally  crawls  away  to  some  secluded  spot  and 
arches  up  her  back,  bringing  the  tip  of  ^e  abdomen  forward  beneath 
and  pulls  off  the  spermatophore  with  her  mouth.  She  straightens 
out  again  and  proceeds  to  cat  the  capsule  in  a  leisurely  way,  after 
which  she  doubles  up  again  and  works  at  the  ovipositor  with  her 
mouth,  as  if  endeavoring  to  clean  it. 

In  fastening  the  spermatophore  to  the  female,  the  male  places 
his  cerci  on  opposite  sides  of  the  ovipositor,  and  they  appear  to  guide 
him  in  striking  the  proper  opening.    A  male  from  wmch  both  cerci 
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had  been  removed  at  the  base,  was  observed  trying  to  copulate. 
When  he  succeeded  in  striking  the  base  of  the  ovipositor,  the  female 
turned  the  tip  of  the  abdomen  down  as  usual.  The  male  then 
passed  the  pair  of  chitinous  blades  up  and  down  the  ovipositor 
but  was  unable  to  strike  the  opening  at  the  base  and  after  several 
attempts  the  pair  became  separated. 

metanotal  gland. 

The  exact  function  of  the  gland  on  the  metanotum  of  the  male 
has  been  a  matter  of  doubt.  Hancock  ^*^  first  described  it  as  an 
'*  alluring  gland/'  claiming  that  it  served  to  attract  and  hold  the 
attention  of  the  female  until  copulation  could  take  place.  Boldyrev^**^ 
and  Engelhardt^*^^  of  Moscow,  Russia,  have  concluded  from  obser- 
vations on  the  European  species,  ffi.  pellucens  Scop.,  that  its  chief 
funQtion  is  to  hold  the  attention  of  the  female  after  the  sper- 
matophore  has  been  attached,  and  thus  prevent  her  from  devouring 
it  before  the  sperms  have  had  time  to  pass  into  the  seminal  receptacle. 
These  two  theories  are  not  diametrically  opposed,  and  from  my 
own  observations  it  seems  that  the  gland  may  sen'-e  both  purposes 
equally  well.  In  no  instance  did  the  male  transfer  the  spermatophore 
before  the  pair  had  been  together  less  than  a  quarter  or  half  an  hour. 
During  both  periods,  before  and  after  passing  the  spermatophore, 
the  female  would  occasionally  start  to  crawl  av/ay.  At  such  times 
the  male  would  begin  to  sing  and  follow  after  her,  placing  himself 
in  front  of  her  and  taking  such  a  position  as  to  expose  the  alluring 
gland.  Usually  the  female  would  return,  but  sometimes  she  would 
leave  to  stay,  even  before  the  spermatophore  had  been  fastened 
to  her.  Considering  the  length  of  time  for  the  first  part  of  the 
mating  process,  and  the  willingness  with  which  the  female  departs 
from  the  male,  it  seems  doubtful  if  the  male,  without  the  help  of 
the  gland,  could  hold  the  attention  of  the  female  long  enough  to 
place  the  spermatophore  in  the  genital  opening.  On  the  other 
hand,  the  female  devours  the  spermatophore  very  soon  after  leaving 
the  male,  and  if  the  insects  separated  immediately  aft-er  the  sper- 
matophore was  given  over,  only  a  small  part  of  the  sperms  would 
have  time  to  flow  into  the  seminal  receptacle. 

In  this  connection  it  is  of  interest  to  note  that  a  female  nymph 
of  the  fifth  instar  was  at  one  time  observed  eagerly  feeding  on  the 
gland  of  a  mature  male.  This  behavior  of  the  nymph  would  indi- 
cate that  the  mature  females  probably  have  a  taste  for  the  secretion 
of  the  metanotal  gland  independent  of  the  act  of  copulation  with 
the  male. 

Externally  the  metanotal  gland  appears  as  a  triangular  depression 
situated  in  the  center  of  a  broad  rounded  disk,  between  the  ba<e> 
of  the  hind  pair  of  wings  (Fig.  25  and  Fig.  27,  a).  Most  of  the 
surface  of  the  disk  is  thinly  clothed  with  long  delicate  hairs.     The 
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triangular  hollow,  the  apex  of  which  is  directed  anteriorly,  is  densely 
clothed  with  shorter  hairs.     On  the  sides  are  two  paired  rows  of 


Fio.  25. —  MzTANOTAi.  Gland. 
Left,  donal  view;  ri^t,  ventral  view  of  intenul  structures;  a,  Opemog  of  anterior 
tubulAT  t^Mod;  b,  anterior  tuft  of  haira;  c,  posterior  tuft;  d,  opening  of  posterior 
tubulsr  giftod;  e,  tubular  glands. 

larger  curved  bristles.  The  hairs  of  the  anterior  row  are  distinctly 
separated  and  do  not  reach  to  the  median  line  (Fig.  25,  b).  The  pos- 
terior row  forms  a  dense 
brush  which  reaches  to 
the  median  line,  and  at 
the  tip  the  bristles  curve 
sharply  forward  and  then 
point  backward.  {Fig. 
25,  c.)  Two  pairs  of  open- 
ings can  be  discerned 
with  difficulty;  the  an- 
terior pair  on  the  sides  of 
thedepiessionjustalHJve 
the  anterior  ends  of  the 
;     first  row  of  bristles  {Fip;, 

'25,   a)  and   the  second 

pair  in  the  transverse 
suture  at  the  extniine 
posterior  edire  of  tlie 
depression  (Fig.  2"),  (!>. 
By  dissection  it  can  be  shown  that  these  paired  openings  lead 
from  much  branched  internal  glands  (Fig.  25,  e,  and  Fig.  26,  d). 


Fio.  26. —  Mbtahotal  Gund. 

S«cti(Hi  thiougb  Ulterior  tuft  of  hairs;  a,  hur;  b 

cuticle;  c,  hypodermis  C£lla;  d,  tubular  gland. 


446    Report  of  the  Depabtment  of  Entomology  of  the 

These  glands  occupy  most  of  the  space  immediately  beneath  the 
metanotum  and  many  long  tubes  from  the  posterior  pair  eztaid 
back  into  the  abdominal  cavity.  Stained  sections  show  that  the 
hypodermis  underlying  the  hairy  parts  of  the  gland  is  unusually 
thick  and  that  it  is  competed  of  long  spindle-  or  club-6haped  glandular 
cells  (Fig.  26,  c).  Certain  of  these  cells  pass  through  minute  pores 
in  the  chitinous  cuticula  (Fig.  26,  b)  and  into  the  hairs  (Fig.  26,  a), 
which  contain  a  cavity  running  clear  to  the  tip.  Other  minute 
pores  open  out  between  the  bases  of  the  hairs.  The  larger  hairs 
bear  several  spindle-shaped  nuclei.  All  of  the  hairs  on  the  interior 
of  the  cavity  appear  to  be  glandular  but  the  largest  cells  are  found 
under  the  two  paired  tufts  of  bristles  as  described  above. 

DESCRIPTION  of  THE  SPEBMATOPHOBE. 

The  spermatophore  is  ovoid  in  shape,  with  one  end  tapping 
into  a  conical  neck  which  terminates  in  a  long  capillary  tube 
(Fig.  28,  v).  The  main  body  varies  somewhat  in  size  with  the 
different  species,  from  about  .6  mm.  long  and  .5  mm.  wide 
in  (E.  angustipennia  to  about  1.1  mm.  long  and  .9  mm.  wide 
in  (E,  latipennis.  The  wall  consists  of  two  translucent  coats.  The 
outer  (Fig.  28,  m)  is  white  and  rather  easily  crushed  and  forms 
only  a  thin  film  at  the  tube  end,  but  gradually  becomes  vay  thick 
at  the  opposite  end;  and  it  is  this  that  gives  the  spermatophore 
its  oval  shape.  The  inner  coat  (Fig.  28,  k)  which  forms  a  nearly 
spherical  body,  is  very  hard  and  firm,  of  a  pale  brown  color,  darker 
near  the  inner  cavity  and  has  a  uniform  thickness  of  about  one-sixth 
the  entire  diameter  of  the  spermatophore.  The  inner  cavity  (Fig. 
28,  j)  is  filled  with  sperms  at  first  but  if  the  spermatophore  is 
removed  from  the  female  after  mating,  it  is  nearly  or  entirely 
empty.  The  tube  is  nearly  one  and  one-half  millimeters  long  and 
is  bent  in  the  form  of  a  hook,  with  the  distal  half  strai^t  and 
pointing  back  over  the  main  body  (Fig.  28,  e).  It  has  an  outside 
diameter  of  about  .03  mm.  near  the  base  and  gradually  tapers 
to  a  very  fine  point.  Just  distal  to  the  bend  of  the  tube  is  a  thin 
blade-like  barb.  The  cavity  of  the  body  of  the  spermatophore  is 
continuous  with  that  of  the  tube. 

When  the  spermatophore  is  fastened  to  the  female  the  sperms 
start  to  pass  out  rapidly  through  the  tube.  I  have  watdhed  this 
process  in  the  spermatophore  of  GryUus  pennsyhanicus  but  not  in 
the  spermatophore  of  (Ecanthus  species.  The  spermatophore  was 
removed  from  the  male  and  placed  on  a  slide  with  a  little  water 
around  the  tip  of  the  tube  but  not  around  the  bulb.  A  granular 
looking  substance  came  out  slowly  at  first.  Then  the  spermatozoa 
began  suddenly  to  shoot  out  rapidly  through  the  tube,  which  was 
so  small  as  to  allow  only  a  few  to  pass  through  side  by  side  After 
about  fifteen  minutes  the  sperms  were  all  out  and  these  were  followed 
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by  a  brownie  substance  which  was  diachaised  for  a  short  time. 
'Hie  bulb  of  the  spermatophore  did  not  ooUapBe  and  seemed  to 
retain  its  normal  size  after  the  loss  of  its  contents. 

UAIjE  HBFBODUCTrVB  OBGANS. 

The  t«stee  are  irregularly 
oval,  pale  yellow  bodies  located 
in  the  anterior  part  of  the  abdo- 
men (Fig.  27,  b.).  The  semi- 
niferoua  tubules,  of  which  each 
one  is  made  up,  converge  into 
a  sinus  near  tm  anterior  end. 
The  vas  defersis  is  a  minute 
tube  which  runs  from  the  sinus 
back  between  the  tubules  and 
emeiges  near  the  posterior  raid 
<A  the  o^an  (Fig.  27,  c,  and  Fig. 
28,  d).  It  continues  along  the 
ade  of  the  body  to  the  posterior 
extremity  where  it  timis  forward 
and  becomes  much  enlarged  and 
coiled,  formingan  oval  body  sur- 
rounded by  yellow  fatty  tissue 
(Fig.  27,  g,  and  F^.  28,  c,  g). 
This  enlarged  portion  is  filled 
with  sperms  and  no  doubt  serves 
thefunctionof  aseminalvedcle. 
The  short  remaining  portion  of 
the  vas  deferens  is  straight  and 
of  larger  diameter,  and  con- 
tinues anteriorly  to  join  the 
l&rge  ainus  into  which  hundreds 
of  glandular  tubules  empty  (Fig. 
10,  d,  and  Fig.  28,  b).  These 
tubules  are  fiUed  with  a  homo- 
e^ieous  substance  which  prob- 
ably fonns  the  wall  of  the  sper- 

tiutopbore.    From  the  sinus  a     Fio.  27.—  Mali  Bxphodiictivi  Omunb. 
targe  common  duct  (Fig.  27,  e)    «,  Metanotal  gltmd;  b,  testis;  c,  vu  defer- 
leads   to    the   spermatophore       ona;    d,   glandular    tubule;     e,    common 
mold  at  the  end  of  the  abdomen      ^?'^-  ':  ^^""n'  pouoh:  g,  enlarged  por- 
(Rg.  27,  h).     That   this  duct  b       1;,^^       ""  =   ^  spennatophore 

not  a  true    ejaculatory   duct, 

either  in  origin  or  function,  has  been  pointed  out  by  Baumgartner 
in  his  work  on  Oryllue.  It  arises  as  an  invagination  from  the  outside 
and  ia  not  used  as  a  sperm  carrier  during  tmpulation. 
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The  spermatophore  mold  lies  in  the  ninth  abdominal  e^ment, 
the  sternum  of  which  forma  the  lai^  subgenital  plate.  The  part 
of  the  wall  of  the  mold  which  contains  the  body  of  the  spermatophore 
con.^iBts  of  two  pliable  flaps  which  meet  on  the  median  line  dorsally 
and  ventrally.  These  are  collapsed  when  empty  but  conform  to  the 
bulb  of  ttie  spermatophore  when  one  is  present  (Fig.  28,  I).  At  the 
anterior  end  a  groove  or  out-pocket  of  the  mold  starts  in  and  passes 
firat  dorsally  and   then  posteriorly   (Fig.  28,   f).    This  groove  is 


Fig,  28. —  Male  Repeioductive  Orqans:  I,  Cross  Section  or  Absomeh  TmootiB 

Spermatophore  Mold.  II,  Lateral  View  ofThi-lobkd,  Paddle -shaped  Strdo 
TtntE,  III,  Ventkal  View  op  Same  and  Gboove  or  Spermatophoiu  Mold. 
rv,  Ventral  View  of  Copulatobt  Blades  and  Basal  Stkdcturb.  V,  Spek- 
tiATOPHORE.  VI,  Portion  of  Epfthelidii  SintROUNiMNO  8permatophokb.  VII, 
Lateral  View  of  Sfekuatofbore  Mold. 
a,  Rectum;  b,  glandular  tubule;  c,  fat'tisHue;  d,  vas  deFereaa;  e,  apermatoplKve  tube; 
f,  groove  of  Bpermatopboru  mold;  g,  onldrged  portion  of  vbb  deferens;  h,  tnuacle; 
i,  chitinous  supporting  rod;  j,  aperm  cavity;  k,  inner  l&yerof  Bpermatophore  wall; 
1,  wall  of  Bpermatophore  mold;  m,  outer  layer  of  Bpermatophore  wall;  a,  copu- 
iktory  blades;  o,  paired  paddlc-ebaped  atructurc;  p,  acceBaory  pouch;  r,  paiioi 
cavity  and  tube  nmniiig  into  copulalory  blade;  a,  baaal  atractura  and  point  of 
attachment;  x-y,  location  of  accomponyiag  cross  section. 

supported  by  chitinous  walls  and  terminates  in  a  sharp  point,  and 
just  before  the  tip  it  bears  a  pair  of  horizontal  wii^  which  together 
resemble  a  fish-tail  in  shape.  The  groove  holds  the  tube  of  the 
spermatophore  (Fig.  28,  e).  On  each  side  at  the  level  of  the  groove 
is  a  movable,  spoon-shaped  piece,  which  is  three-lobed  at  the  tip 
and  connects  with  the  groove  support  at  the  base  (Fig.  28,  o). 
Dorsal  and  posterior  to  the  end  of  the  groove  is  a  pair  of  laterally 
compressed,  blade-like  appendages  which  lie  close  together  and 
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terminate  in  a  slightly  hooked  point  (Fig.  28,  n).  These  blades 
are  mserted  into  the  genital  opening  of  the  female  when  the  sper- 
matophore  is  transferred.  At  the  base  they  widen  out  and  ai:e  united 
on  the  median  line.  Still  farther  anteriorly  the  heavily  chitinized 
part  divides  into  two  large  basal  structures,  which  are  connected 
with  the  posterior  edge  of  the  lateral  walls  of  the  ninth  segment 
and  constitute  the  main  supporting  structure  of  the  spermatophore 
mold  (Fig.  28 f  s).  Between  these  structures  near  the  median  line 
18  a  pair  of  closed  cavities,  each  with  a  tube  extending  posteriorly 
into  file  corresponding  blade-like  appendage  to  near  its  tip  (Fig.  28,  r). 
If  these  tubes  have  an  opening  in  the  blade  it  is  very  minute  and 
could  not  be  detected.  A  pair  of  curved  chitinous  rods  are  attached 
to  the  basal  structure  and  extend  obliquely  around  the  mold  to 
nearly  the  ventral  median  line  (Fig.  28,  i)  and  help  support  the 
soft  flaps  covering  the  body  of  the  spermatophore.  A  pair  of 
elongated  pouches  arise  at  the  junction  of  the  spermatophore  mold 
and  the  common  duct,  and  extend  dorsally  along  the  side  of  the 
groove  (Fig.  28,  p).    Their  function  is  not  known. 

Stained  sections  show  that  the  lining  walls  of  the  mold  including 
the  groove  are  formed  of  a  rather  thick  layer  of  columnar  epithelium 
(Fig.  28,  VI).  This  is  of  ectodermic  origm  and  the  side  next  to  the 
inner  cavity  is  bordered  by  a  thin  layer  of  cuticle  which  becomes 
thicker  in  parts  of  the  groove.  The  cells  show  a  peculiar,  sharply 
demarked  differentiation  of  the  ends  toward  the  inner  cavity,  where 
about  one-third  of  the  length  is  much  narrower  and  rod-shaped, 
and  the  intervening  spaces  are  wide.  This  narrow  part  is  darkly 
and  uniformly  stained  while  the  wide  nucleated  portion  has  a  granular 
appearance. 

FORBftATION  OF  THE  SPERMATOPHORE. 

The  exact  process  of  spermatophore  formation  is  as  yet  only 
a  matt^  of  conjecture.  It  seems  very  probable,  however,  that 
a  mass  of  sperms  which  have  collected  in  the  enlarged  portion  of 
the  vas  deferens  move  out  into  the  mold  and  are  later  surrounded 
by  a  quantity  of  secretion  from  the  glandular  tubules  which  hardens 
aroimd  tiiem  and  in  some  way  forms  the  spermatophore.  The 
tube  is  probably  formed  in  the  groove,  but  why  it  develops  as  a  tube 
and  not  as  a  solid  rod  is  a  mystery. 

A  new  spermatophore  is  usually  formed  soon  after  the  last  one 
is  removed.  In  mating  it  was  observed  that  in  about  ten  minutes 
after  the  spermatophore  is  passed  to  the  female  and  while  the  latter 
is  still  feeding  at  the  metanotal  gland,  the  collapsed  mold  b^ins 
to  swell  out  and  in  another  minute  or  so  is  fully  distended  and  remains 
80.  In  one  case  a  male  was  examined  about  half  an  hour  after  the 
mold  became  distended.  The  mold  contained  a  white,  globular 
mass  of  sperms  with  a  long  attenuated  thread  at  one  end. 
It  appeared  to  be  enclosed  in  a  delicate  membrane  although  this 

15 
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oould  Dot  be  diatinguiehed.  It  waa  Burroimded  by  &  dear  viscid 
liquid  of  about  the  consietency  of  egg  albumen.  I  removed  the 
sperm  mass  with  forceps  and  the  Uquid  began  to  coogeal.  A  smaU 
drop  on  the  point  of  a  needle  could  be  pulled  out  into  a  very  fine 
ibiead  which  would  harden  very  quickly.  The  hardening  continued 
even  after  the  mass  waa  placed  under  water  and  resulted  in  a  hard 
substance  like  the  wall  of  the  spenna- 
tophore. 

Another  male  which  had  disposed  of  a 
spennatophore  was  examined  m  an  hour 
and  three-quarters  after  the  mold  bad 
become  distended  and  it  was  found  to 
cont^  a  fully  formed  and  hardraied 
spennatophore. 

FBUALB  BEPROnncnVE  OROAN8. 

In  order  to  follow  the  course  of  the 
sperms  after  the  deposition  of  the  spw- 
matophore  it  is  necessary  to  understand 
a  little  of  the  anatwny  of  the  female  re- 
productive system.  The  ovaries  occupy 
a  large  portion  of  the  central  part  of  tbe 
abdominal  cavity.  They  are  made  up  of 
a  laige  number  of  separate  egg  tubes,  each 
of  which  contains  several  ovarian  follicles 
in  various  stages  of  development  (Fig. 
29,  a).  The  tubes  all  converge  into  the 
broad,  thin-walled  oviduct  (Fig.  29,  d) 
and  these  unite  to  form  the  vagina  (Fig. 
29,  e)  which  continues  as  a  straight  tube  to 
the  ovipositor.  A  single  tubular  accessory 
gland  (Fig.  29,  f)  opens  above  the  v^ina 
r.     on      T,-         n  ^t  the  1)836  of  two  short  rods  which  are 

1,™  "S^A^""""""  between  and  hidden  by  the  four  large  rods 
«,  0™y;  b,  MmiDBl  receptacle;  "^  ^^^  Ovipositor.  This  gland  probably 
c,  duct  lesdinK  to  aemmftl  re-  fumishee  the  mucilaginous  subetanoe  ex- 
'B;d,oviduct;e,vagiiia;  uded  at  the  time  of  ovlposition.  The 
-^glMd;  g,  oopul*-  notch  at  the  end  of  the  subgraiital  plate 
opens  into  the  ventral  side  of  the  vagina 
(Fig.  29,  g).  Just  anterior  to  this  on  the  dorsal  wall  of  the  vagina 
is  a  hard  plate,  which  is  slightly  hollow  on  the  inner  side  and  bears 
a  small  hole  in  the  center.  Tbia  hole  passes  through  and  opens  on 
the  dorsal  side  into  a  small  convoluted  duct  which  leads  to  an  ovoid 
seminal  receptacle  lying  just  anterior  to  the  junction  of  the  two 
oviducts  (Fig.  29,  b,  c). 

A  female  bearing  a  spennatophore  was  killed  and  dissected. 
llie  tube  was  inserted  in  the  n<^«h  at  the  ^id  of  the  subg^tal 


t«y  opening. 
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p'ate^  and  the  point  was  directed  into  the  hole  in  the  plate  on  the 
dorsal  wall  of  the  vagina.  It  would  appear  that  the  sperms  dis- 
charging through  the  tube  would  thus  be  directed  into  the  duct 
of  the  seminal  receptacle. 

oviPOsmoN. 

For  this  operation  the  female  selects  a  suitable  spot  on  the  plant 
and  prepares  to  oviposit  by  first  chewing  a  small  hole  in  the  bark. 
Upon  the  completion  of  tl^  cavity  she  then  walks  forward  a  little, 
arches  her  back  so  as  to  bring  the  ovipositor  about  perpendicular 
to  Hoe  branch  and  begins  moving  it  up  and  down  until  she  strikes 
the  hole.  She  then  starts  to  drill  by  giving  the  ovipositor  quick 
thrusts  and  at  the  same  tune  slowly  turning  it  around  by  twisting 
the  abdomen  thirty  or  forty  decrees  to  each  side  (Plate  XXXI,  Fig.  2). 
It  takes  from  five  to  twenty-five  minutes  according  to  the  resistance  of 
the  wood,  to  force  the  ovipositor  to  its 
base  the  first  time.  After  this  it  is 
pulled  nearly  out  and  drilled  in  again 
several  times,  each  operation  requiring 
from  one  to  five  minutes  or  more.  When 
the  hole  is  sufficiently  reamed  out  and 
the  ovipositor  driUed  in  for  the  last 
time,  the  female  rests  a  moment  and 

ihea  arches  up  the  middle  of  the  ab-  ^  d 

domen  and  forces  an  egg  down  into  Fio.ao.— Ovwomtob. 

the  ovipositor.  The  body  quivers  and  a,  Tip  with  roda  in  normal  pontion: 
shakes  a  Uttle  during  the  operation,  b,  c,  cro88  section  of  upper  and 
which  lasts  about  twenty  seconds,  and  lo^«*  «x*«  on  one  ride;  d,  porition 
then  the  ovipoffltorifl  slowly  withdrawn,      ^^S^do^^aid  ^^  "* 

twisting  from  side  to  side.    When  only 

the  tip  remains  in  the  hole  the  female  pauses  and  discharges  a  small 
quantity  of  mucilaginous  substance  which  fills  up  the  opening.  She 
then  removes  the  ovipositor  and  plugs  up  the  mouth  of  the  hole, 
using  such  material  as  the  instincts  of  the  various  species  determine. 
She  spends  several  minutes  packing  it  in  and  smoothing  it  out  so 
that  the  wound  is  neatly  capped.  The  whole  process  of  oviposition, 
from  chewing  the  bark  to  sealing  the  wound  may  require  from  a 
quarter  to  nearly  a  whole  hour. 

The  ovipositor  is  made  up  of  two  pairs  of  long  chitinous  rods 
which  fit  together  in  such  a  way  as  to  make  a  compact  organ  nearly 
circular  in  cross  section.  It  was  observed  that,  in  dnlling,  the 
upper  pair  of  rods  remain  stationary  except  for  the  twisting  move- 
ment while  the  lower  pair  slide  up  and  down  with  each  thrust. 
The  upper  and  lower  rod  on  each  side  can  not  be  separated  readily 
and  in  cross  section  it  can  be  seen  that  they  are  firmly  united  by 
a  tongue  of  the  upper  fitting  into  a  groove  in  the  lower  (Fig.  30,  b,  c). 
At  the  tip  the  lower  pair  are  wedge  shaped  and  fit  in  between 
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the  ends  of  the  upper  pair,  which  have  four  stout  spurs  on  each 
side.  When  the  lower  rods  are  thrust  downward  their  chisel-shaped 
points  push  into  the  bottom  of  the  hole  and  at  the  same  time  ^ey 
wedge  apart  the  ends  of  the  upper  rods  causing  them  to  widen  the 
hole  (Fig.  30,  d). 

The  ovipositor  first  makes  its  appearance  in  an  incipient  stage 
in  the  second  instar  in  the  form  of  two  smaU  rounded  projections 
on  the  ventral  side  of  both  the  eighth  and  ninth  abdominal  s^ments. 
In  the  third  instar  it  consists  of  four  backward  pointing  papilLse — 
the  anterior  pair  being  smaller  and  lying  in  contact  with  the  lower 
surface  of  the  hind  pair.  In  the  fourth  instar  it  forms  a  compact 
body  extending  a  trifle  beyond  the  tip  of  the  abdomen.  The  sterna 
of  the  eighth  and  ninth  segments  are  reduced  and  almost  completely 
taken  up  by  their  appendages.  In  the  fifth  instar  the  ovipositor 
is  much  longer  and  bears  much  resemblance  to  the  adult  organ. 
The  sternum  of  the  seventh  segment  is  enlarged  and  forms  the 
subgenital  plate. 

KEY  TO  EGGS  AND  OVIPOBITION  HABITS  OF  THE  TREE  CRICKETS. 

A  Eggs  white  or  only  slightly  yeUowish;  deposited  singly  in  the  bark  or  cambium  of 
trees  and  bushes. 

B  Egg  cap  with  long  finger-shaped  projections.  m9eut 

BB  Egg  cap  with  knob-fike  projections,  not  much  longer  than  thick. 

angusHpennU 

BBB  Egg  cap  with  low  rounded  elevations.  exdamaUimis 

AA  Eggs  yellow;  deposited  in  rows,  and  lie  in  the  pith  of  stems  of  herbaceous  plants 

and  twigs  or  small  branches  of  woody  plants. 

B  Eggs  in  loose  rows,  in  small  herbaceous  stems,  5  mm.  or  less  in  diameter. 

Projections  of  cap,  finger-  or  club-shaped.  quadripunctatuB 

BB  Eggs  in  compact  rows,  in  stems  5  mm.  or  over  in  diameto'.    Projections 

of  cap  with  length  not  more  than  one  and  a  half  times  the  width. 

mffnoomU 

BBB  Eggs  in  pine  twigs.    Projections  of  cap  transversely  elliptical  in  ctosb 

section.  pint 

AAA  Eggs  pale  yellow;  deposited  in  two  groups  in  the  pith,  one  cluster  on  each  side 

of  tiie  hole  made  in  the  outer  woody  layer  of  ihe  stem.    The  holes  may  be 

in  rows  but  in  such  case  are  a  oentuneter  or  more  apart. 


OECANTHUS  NIVEUS  De  Geer 

HISTORICAL  NOTES. 

This  insect  was  described  from  a  Pennsylvania  specimen  as  early 
as  1773  by  De  Geer/^^  who  called  it  GryUus  niveus.  Its  status  has 
been  clearly  established  in  systematic  literature  but  in  economic 
writings  it  has  long  been  confused  with  nigricomis  and  regarded  as 
the  cause  of  an  oviposition  injury  to  raspberries  performed  by 
the  latter  species.  Walsh^*^  and  Riley^*  evidently  did  not  distinguish 
between  the  two  species  for  both  describe  partly  black  varieties 
which  never  occur  in  nweua.  Later  Riley^^^  states  that  he  oonsid^s 
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both  mgricornis  and  fctsdattta,  whi(^  are  S3monymous,  as  dark 
varieties  of  niveus.  The  unoertamty  as  to  the  identity  of  these 
species  by  economic  writers  has  probably  led  to  the  subsequent 
confusion  concerning  their  oviposition  habits,  which  still  persists 
to  a  less  degree. 

distribution. 

From  available  records  nweus  is  the  most  generally  distributed  of 
the  species  occurring  in  the  United  States,  ranging  from  Massa- 
chusetts to  the  Pacific  Coast  and  from  the  Province  of  Ontario  on 
the  north  to  as  far  as  Mexico  on  the  south  It  is  found  all  over 
the  State  of  New  York  with  the  exception  of  forested  regions  in 
the  northeastern  part.  It  has  been  recorded  in  literature  from  the 
following  states:  Massachusetts  (Faxon),  Connecticut  (Walden), 
New  Jersey  (Davis),  Ontario  (Walker),  Georgia  (AUard),  Indiana 
(Blatchley),  Illinois  (Forbes),  Kentucky  (Garman),  Minnesota 
(Lu^er),  Kansas  (Tucker),  Nebraska  (Bruner),  Michigan  (AUis), 
Cuemavaca,  Morelos,  Mexico  (Rehn),  Cuba  (Kirby).  From  speci- 
mens examined  we  can  record  its  distribution  in  the  following  states: 
Colorado  and  Utah  (Titus),  Ohio  (Kostir),  New  Jersey,  North  Caro- 
lina, Connecticut  (Amer.  Mus.),  California  (Doane);  Maine,  one 
specimen  (Patch),  Cuba  (Cardin).  From  correspondence  we  have 
obtained  other  records  as  follows:  Texas  (Newell),  North  Carolina 
(Beutenmiiller),  California  and  Washington  (Melander). 

HABIT. 

(Ecardhus  niveus  is  a  tree-  and  bush-inhabiting  form.  It  is  found 
most  abundantly  in  apple  orchards  and  is  more  or  less  common 
in  plantings  of  other  fruit  trees  and  in  raspberry  plantations,  shrub- 
beries, vines  and  bushy  fence  rows.  Among  forest  trees  it  is  less 
common,  although  a  few  can  often  be  heard  singing  in  such  places, 
especially  along  the  edge  of  a  wood.  In  general  this  species  prefers 
a  cultivated  region  to  a  wilderness.  However,  in  orchards  that 
are  regularly  sprayed  with  arsenicals  the  crickets  do  not  become 
very  abundant. 

DESCRIPTION  OF  LIFE  STAGES. 

Bffg  (Fig.  31,  g).^-  The  egg  is  about  one-ninth  of  an  inch  long  and  from  one-oxth  to 
one-fourth  as  wide.  The  color  is  dull  white,  often  with  a  slight  yellowish  tinge.  The 
cap  (Fig.  31,  f)  is  a  little  narrower  than  the  main  body;  its  sides  are  parallel  and  the 
end  is  broadly  rounded.  In  color  it  is  opaque  white,  but  is  often  stained  a  reddish 
color  by  tbe  bark.  The  projections  on  the  cap  (Fig.  3i,  e)  are  long  and  finger-shaped, 
having  a  uniform  thickness  of  about  .009  mm.  from  base  to  tip,  and  a  length  of  .020 
tc  .025  mm. 

The  average  measurements  of  forty  specimens  of  eggs  are  as  follows:  length  2.83 
mm.;  greatest  width,  .62  mm.;  length  of  cap  .51  mm.;  width  of  cap  .51  mm. 

Nynvph. —  First  instar  (Plate  I,  Fig.  1):  Color  white.  Top  of  head  with  two  rows 
of  ten  to  fifteen  small  bristles,  directed  anteriorly  and  each  with  a  small  black  spot 
at  the  base.  There  is  a  short  black  line  extending  backward  from  the  upper  edge 
of  each  eye  and  one  or  two  pairs  of  brownish  transverse  spote  between  the  eyes.    The 
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pronotum,  and  sometimes  the  meao-  and  metanotum,  have  a  pair  of  longitudinal 
biomiisb  stripes  situated  close  lo  the  median  line.  Baaal  B^ment  of  antenna  with 
a  small  black  spot  on  the  inner  side  and  a.  brownish  spot  on  the  posterior  aide;  second 
segment  with  a  block  transverae  line  on  the  inner  rade;  third,  fourth,  sixth  and  ninth 
segments  with  a  narrow  black  ring  at  apex;  each  succeeding  segment  with  faint  gray 
annulation  at  tip.  Hind  tibis  with  black  spots  at  the  base  of  the  small  briirtlee, 
especially  prominent  on  the  outer  and  upper  ndes.  Length  about  3  mm.  Antenme 
6.3  to  7.5  mm. 

Second  instar  (Plate  XXX,  Fig.  2) ;  Ground  oolor  of  abdomen  transparent  greenish 
wUte  with  two  rows  of  pure  wliitc  blotches  on  each  side  of  median  line.  Basal  segment 
of  antenna  with  a  round  black  spot  on  the  front  and  inner  side,  and  the  second  segroent 
with  a  similar  spot  on  the  front  side  and  a  transverse  dash  on  inner  side.  Distal  part 
of  antennffi  with  gray  annulations  on  alt«n)at«  s^pneuts.  Length  4.5  to  5  mm. 
Antemue  10.7  mm. 


Fia.  31.—  (Eeanlhtu  niveut  Dx  OiKB. 
B,  ^gg  puncture  of  previous  year  healed  over,  in  apple  bark;  b,  recent  egg  punetUM 
without  irfug;    c,  ^g   puncture  with   plug   (allxlj);  d,   i^  "  ™»P*>*f'y  (it  21); 
e,  projection  of  egg  cap  U500);  f,  egg  cap  (x50);  g,  egg  in  apple  bark  (x  15). 

Third  instar  (Plate  XXX,  Fig.  3):  CsniTal  color  greeniah  white.  Abdomen  with 
Beveral  rows  of  irrejfular  opaque  white  blotirhos  on  each  side  of  median  line.  TTie 
brownish  markings  on  the  liead  and  thorax  are  very  faint.  Black  spot  on  first  acgment 
<rf  antenna  on  a  white  prominence,     Len^h  0  to  7  mm.     Antennie  13  mm. 

Fourth  instar  (Plate  XXX,  J''iK-  -I):  tjr)lor;(iion  practically  the  same  as  in  the  pre- 
oeding  stage.     Lensth  8.5  to  fi.-'i  Tiim.     Antflnnix'  lt>  mm. 

Fifth  instar  (Plate  XXX,  Fig,  5  and  Plate  XXXU,  Pig.  b):  Color  pale  yellowish 
green.  Segments  of  abdomen  with  a  fairly  regular  pattern  of  roundish  white  blotches; 
a  small  one  on  front  and  one  on  hind  margin  on  median  line;  larger  blotches  on  each  side 
are  arranged  alternately  near  the  front  and  hind  margins.  Outer  ade  of  bind  femur 
with  numerous  black  spota  extending  over  the  distal  two-thirds  or  four-fifths. 
AntennfP  marked  similar  to  adult.     Length  11  to  12  mm.     Antennie  23  mm. 

Adult  (Plate  XXX,  Fig.  6  and  Plate  XXXIV,  Fig.  a):  Moderately  slender.  Pro- 
notum as  brotd  as  long.    Colw  very  pale  graeu.    Ti^  of  head  b^ween  eyas  and 
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Plate  V. —  Adclt  Male  Thee  C'rickkts:    a,  OUanlhug  pint;  b.  lalipenni 
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aatenme  orange  yellow;  occipital  area  with  longitudinal  transparent  greenish  blotches 
separated  by  white  lines.  Wings  transparent,  with  a  slight  greenish  tinge;  veins  more 
or  less  colored  with  yeUowish  green.  Fore  wings  of  male  very  broad.  Antennse  white, 
with  gray  annulations  in  the  distal  part  at  intervals  of  about  four  segments.  First 
segment  is  pale  orange  yellow  on  all  parts  except  the  large  swelling  on  the  front  and 
inner  side  which  is  white  and  has  a  conspicuous  round  black  spot  in  the  center.  (Fig. 
if  a.)  The  second  segment  is  white  with  a  similar  spot.  Length  to  end  of  abdo- 
men 14  nun.    Fore  wing  of  male  13-14  mm.  x  0  mm.    Fore  wing  of  female  11^-13  mm. 

SONG. 

The  song  of  niveus  is  one  of  the  most  conspicuous  and  musical  of 
the  insect  sounds  commonly  noted  in  late  summer  and  autumn. 
It  can  be  heard  from  the  time  the  insects  commence  to  mature  — 
early  in  August  in  this  latitude  —  until  they  succumb  to  frosts  of 
late  October  or  early  November.  The  song  begins  at  the  approach 
of  darkness  and  continues  until  morning.  Occasionally  a  few  of 
the  insects  may  be  heard  during  the  middle  of  day  when  the  weather 
is  very  cloudy.  The  song  consists  of  a  monotonous  series  of  clear, 
high-pitch  trills  rhythmically  repeated  for  an  indefinite  length  of 
time.  The  quahty  is  that  of  a  clear,  mellow  whistle  and  has  best 
been  described  by  the  words,  treai  —  trecU  —  treat.  The  pitch  varies 
somewhat  with  the  temperature,  but  on  an  ordinary*  summer  evening 
it  is  about  C,  two  octaves  above  middle  C,  or  on  a  warm  evening 
it  may  reach  as  high  as  D.  The  rapidity  of  the  notes  is  directly 
dependent  on  the  temperature.  On  a  very  warm  night  we  counted 
155  beats  per  minute,  while  on  a  cool  night  the  number  was  only  64. 
This  ^ase  of  the  subject  has  been  studied  by  Bessey^*^  Edes^*'^  and 
Shuir^  and  formulas  have  been  worked  out  by  which  the  temper- 
ature can  be  computed  from  the  average  number  of  notes  per 
minute. 

The  song  of  different  indiv  iduals  may  vary  also  in  quality,  inten- 
sity, pitch  and  rapidity  of  notes.  There  is,  however,  a  tendency  for 
the  insects  in  a  restricted  site  —  as  a  raspberry  plantation,  clump 
of  bushes  or  a  single  tree  or  a  small  clump  of  trees  —  to  sing  in 
unison  in  one  synchronous  movement. 

Scudder^^  has  described  nioeus  as  having  two  distinct  songs,  one 
for  day  and  one  for  night.  This  certainly  is  not  true,  for  none  of 
our  species  have  more  than  one  type  of  song.  Scudder  made  obser- 
vations on  two  different  species  and  admits  in  the  same  article 
that  at  the  time  he  did  not  distinguish  between  the  species.  His 
"  day  song  "  would  apply  to  nigncomis,  guadripunctatus  or  possibly 
bstipennis,  although  the  last  does  not  usually  sing  by  day.  His 
**  night  song  "  describes  well  the  song  of  angvMipennis. 

0VIP08ITI0N. 

In  ovipositing  the  female  niveus  prefers  to  stand  on  the  upper 
side  of  a  branch,  and  when  on  a  vertical  or  sloping  surface  generally 
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works  with  the  head  uppermost.  Another  peculiarity  which  has 
been  observed  in  only  one  other  species,  namely  eocdamationis,  is 
the  use  of  excrement  to  plug  up  the  puncture.  Just  before  depositing 
the  egg  and  while  the  ovipositor  is  imbedded  for  its  full  length  in 
the  bark,  the  female  forces  out  a  drop  of  excrement,  which  by 
stretching  out  the  tip  of  the  abdomen  she  fastens  to  the  bark  just 
below  the  hole.  After  withdrawing  the  ovipositor  she  moves  back, 
picks  up  the  drop  with  her  mouth  and  places  it  over  the  opening. 
Several  minutes  are  then  -spent  in  packing  it  in  and  smoothing  it 
out  (Fig.  31,  c). 

The  eggs  are  deposited  in  the  soft  inner  bark  of  a  number  of 
trees  and  bushes.  In  most  cases  a  part  of  the  egg  lies  in  contact 
with  the  wood,  which  is  grooved  by  the  ovipositor  but  not  drilled 
into  to  any  extent.  In  the  process  of  healing,  the  puncture  becomes 
surrounded,  in  most  plants,  by  a  hard  woody  callus.  In  trees 
having  a  soft  fleshy  bark,  nwevs  prefers  to  oviposit  in  branches 
from  one  to  three  inches  in  diameter.  The  eggs  may  be  placed  in 
almost  any  part  of  the  bark,  but  the  lenticels  are  favorite  places, 
probably  because  they  are  less  resistant  to  the  drilling  oper- 
ations. 

In  bushes  and  in  trees  which  have  a  hard  bark  covering  the  lai^er 
branches,  the  eggs  are  commonly  laid  in  the  smaller  branches  in 
thick  places  in  the  bark  at  the  sides  of  buds  or  small  twigs.  In 
raspberry  canes,  where  this  species  is  sometimes  fairly  common, 
the  eggs  are  deposited  singly  in  the  fleshy  area  at  the  side  of  the 
bud  in  the  axil  of  the  leaf,  and  they  never  extend  through  the 
woody  layer  into  the  pith  (Fig.  31,  d). 

In  breeding-cage  experiments  from  one  to  thirteen  ^gs  were 
deposited  in  a  night  by  a  single  individual.  A  number  of  the  insects 
laid  a  few  eggs  every  night  during  the  whole  period  of  oviposition, 
while  others  suspended  operations  on  several  nights.  The  largest 
number  of  eggs  deposited  by  a  single  female  was  seventy-five,  the 
smallest  number  twenty-four,  and  the  average  of  eleven  individuals 
was  forty-nine. 

About  Geneva  the  eggs  of  nweus  are  found  most  abundant  in  apple, 
plum  and  cherry  trees,  and  are  locally  common  in  walnut  and  rasp- 
berry. One  small  elm  tree  was  observed  to  contain  a  large  number  of 
them,  and  in  this  case  the  eggs  were  deposited  in  the  corky  areas  of 
the  bark  and  did  not  extend  into  the  cambium  layer.  A  few  e^s 
were  found  in  peach,  witch-hazel,  chestnut,  butternut,  wild  crab- 
apple,  hawthorn,  red  oak,  maple  and  lilac.  Oviposition  probably 
occurs  in  many  other  plants  which  possess  bark  of  desirable  thickness 
and  not  too  resistant  to  the  drilling  operations  of  the  insect. 


New  York  Agricultural  Experiment  Station.         457 
(ECANTHUS  ANGUSTIPENNIS  Pitch. 

HISTORICAL  NOTES. 

This  name  was  first  applied  by  Fitch^*^  to  a  single  male  specimen 
which  he  described  as  a  variety  of  nivevs.  The  description  is  very 
brief;  and  the  only  characters  mentioned  are  that  the  t^mina  are 
narrower  than  niveus  and  the  hind  wings  protrude  like  tails.  The 
latter  character  strongly  suggests  Neozabea  bipunctcUa,  the  male 
of  which  was  unknown  to  Fitch,  although  the  description  might 
apply  to  (E.  qiuuhijmndatus  or  the  species  now  understood  by 
this  name.  BeutenmuUer^^^  states  that  *^  whether  the  species  has 
been  correctly  determined  or  not  can  never  be  definitely  ascertained, 
as  Fitch's  type  of  the  species,  as  well  as  his  other  species  of  (Ecanthv^, 
have  been  destroyed.  I  would  propose  that  the  name  angustipennis 
nevertheless  be  retained  for  the  species  so  well  known  by  tiiis  name." 

DISTRIBUTION. 

Our  knowledge  of  the  extent  of  distribution  of  this  species  in  New 
York  is  very  limited.  It  is  common  in  the  lake  region  of  the  western 
part  of  the  State  and  on  Long  Island,  and  probably  the  insect  ranges 
over  about  the  same  territory  as  niveus.  It  has  been  recorded  in 
literature  from  other  states  as  follows:  Massachusetts  (Faxon), 
Connecticut  (Walden),  Georgia,  Florida,  Texas  (Allard),  IndUiana 
(Blatchley),  Illinois  (Forbes),  Kentucky  (Garman),  Kansas  and 
Texas  (Tucker),  Minnesota  (Lugger).  From  specimens  examined 
we  can  record  it  from  the  following  states:  New  Jersey,  North 
Carolina,  Florida  (Amer.  Mus.),  Virginia  (Schoene),  Ohio  (Kostir). 
Of  the  states  mentioned,  Minnesota  represents  the  most  northern 
limits  of  distribution,  while  Texas  appears  as  the  most  western 
area  of  its  occurrence. 

HABITAT. 

Angii^pennis  is  quite  often  found  in  company  with  niveus  and  is 
g^erally  abundant  in  apple  orchards.  It  is  more  strictly  arboreal 
than  the  latter  species,  and  seems  to  be  confined  to  woody  plants, 
either  trees  or  large  bushes.  About  Geneva  it  has  never  been  taken 
on  raspberry,  grape  or  weeds  of  any  kind.  Among  forest  trees  it 
is  more  common  than  niveus.  Many  specimens  have  been  collected 
from  scrub  and  biur  oaks  on  Long  Island  and  from  alder  in  a  swamp 
near  Geneva.  Davis^^  states  that  in  Florida  he  found  this  species 
among  golden  rods  and  other  low  plants  by  the  road  side  and  that 
they  also  occurred  among  the  small  oaks  and  other  trees. 

DESCRIPTION  OP  LIFE  STAGES. 

Bgg  (Fig.  32,  b). —  The  eggs  are  white  and  average  a  trifle  smaller  than  those  of 
tttpotf.  1^  cap  is  narrower  than  in  the  latter  species  and  varies  greatly  in  length. 
Short  spedmens  (Fig.  32,  d)  measure  about  .4  mm.  in  length  and  breadth,  whUe  tiie 
long  ones  (Fig.  32,  c)  naeh  .7  mm.  in  length,  have  a  broad  base  and  tupei  down  to  a 
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TAthet  narrow  tip.  T^e  projections  of  the  cap  are  short  and  thick,  meaauring  about 
All  mm.  in  breadth  by  .014  id  leagl^h.  (Fig.  32,  e.)  The  end  of  the  cap  is  broadly 
rounded  and  the  base  slightly  constricted. 

The  average  measuremeDts  of  twenty  specimeDS  of  eggs  are  as  follows :  length, 
2.77  mm.;  greatest  width,  .51  mm.;  length  of  cap,  .48  mm,;  width  of  cap,  .42  mm. 

Nymph. —  First  inatar:  Color  white.  Markings  of  head  aod  thorax  as  io  foUow- 
bg  stage.  Antenns  entirely  while;  occasionally  with  a  dark  spot  od  the  inner  edge 
of  the  first  segment.  Hind  femora  with  a  few  black  spote  near  distal  ond;  hind  tJbiie 
with  a  conspicuous  black  space  at  distal  end  covering  about  onc~dxth  of  entire  length. 
Length  3  to  3.3  mm.     Antenna  8  nun. 

Second  inatar:  Color  greeuiah  white.  Head  with  a  short  black  line  above  and 
back  of  each  eye,  and  with  black  specks  at  the  base  of  minute  bristles  between  eyes  and 
antetuue.    Tbora:!  with  a  pair  of  dark  Unee  near  the  median  line.    Hrst  s^ment  o( 
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Fia.  32. —  (Ecanthui  angiutipemiit  Fitch. 
1  apple  wood  (x3);  b,  egg  (xl6);  c,  d,  long  and  short  egg  caps 
(i  50);  c,  projection  of  egg  cap  (x  500). 

antenna  with  a  black  spot  on  the  inner  edi^e.  Distal  half  of  antenna  very  faintly 
anniilated.  Hind  femur  with  only  four  or  five  black  spots  on  the  outer  side  near  the 
distal  end.     Length  4.5  to  5  mm. 

Third  instar:  Dcmal  area  of  abdonten  pale  green  with  a  small  median  white  spot 
on  hind  margin  and  a  pair  of  white  spots  near  front  margin.  Sides  pure  white.  Basal 
ant«nnal  segment  with  the  black  spot  on  inner  edse;  and  most  specimens  have  a  more 
or  less  distinct  short  hne  on  the  front  side  near  the  inner  edge.  Second  B^ment  with 
a  small  black  spot  on  the  front  and  inner  mde.     I.ength  6  to  7  mm. 

Fourth  instarr  Pale  Rreen.  Head  slightly  yellowish  above.  Two  median  longi- 
tudinal tinea  of  pronotum  faint.  Median  u^a  of  abdominal  segments  pale  yellowish 
green;  the  three  white  spots  are  relatively  small.  Upper  part  uf  dde  of  each  segment 
with  a  large  elongate  white  spot  reaching  from  front  to  hind  margin,  constricted  or 
divided  in  the  middle  and  surrounded  by  a  ground  color  of  pale  yellow.  Sides  below 
are  pure  white.  Antenna  with  a  rather  prominent  white  lump  oo  the  front  and  inner 
■de  and  bounded  on  the  outer  aide  by  a  curved  black  mark.  Second  segmmt  with 
an  ek)Bsat«  apat,    Lenetfa,  8  to  10  mm. 
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Fifth  instor  (Plate  XXXII,  Fig.  a) :  Top  of  head  between  eyee  yellow  or  pale  orange. 
Median  area  of  pronotum  greenish;  with  two  faint  dark  median  lines.  Abdominal 
markings  as  in  the  fourth  instar.  White  prominence  on  the  first  antennal  segment, 
with  a  black  J-fihaped  mark;  and  the  second  segment  with  an  elongate  spot.  Hind 
femora  with  a  few  black  spots  near  the  e3ctremity.    Length  11  to  12  nmi. 

Adult  (Plate  XXXIV,  Fig.  c). —  Very  slender.  Pronotum  a  little  longer  than 
greatest  breadth.  Color  very  pale  green.  Light  specimens  have  the  top  of  the  head 
between  the  eyes  and  antenns  yellow,  and  have  a  faint  gray  longitudinal  streak  on  the 
pronotum.  Darker  specimens  have  the  top  of  head  orange  yellow  or  even  biimt 
Bienna  and  the  streak  on  the  prcmotum  is  strong  brownish  gray.  Wings  transparent, 
with  greenish  tinge  and  greenish  veins.  Fore  wings  of  male  comparatively  narrow. 
Antemue  faintly  annulated  with  gray  on  the  distal  part.  The  first  segment  is  yellow- 
ish with  the  exception  of  a  white  prominence  on  the  front  and  inner  side,  which  bears 
a  black  J-«haped  mark,  with  the  crook  turned  inward.  (Fig.  18,  b.)  Length  to  end  of 
abdomen  14  mm.   Fore  wing  of  male  10-12  mm.  x  4-5  nun.    Fore  wing  of  female  12  nun. 

SONG. 

The  song  of  this  species  is  not  so  loud  as  that  made  by  niveua 
and  is  of  a  more  mournful  quality.  The  pitch  is  about  a  half 
tone  higher  and  ranges  from  C#  to  D#,  two  octaves  above 
middle  C,  depending  on  temperature  and  somewhat  on  individual 
variation.  Like  the  song  of  nweits  it  is  intermittent,  but  can  be 
readily  distinguished  by  its  longer  notes  and  rests  and  its  non- 
rhythmical  character.  Each  trill  continues  from  one  to  five  seconds, 
but  most  commonly  it  lasts  for  about  two  seconds.  The  periods  of 
rest  vary  more  and  may  be  from  one  to  eight  seconds  or  longer. 
The  total  number  of  notes  per  minute  varies,  even  from  one  minute 
to  the  next,  and  is  generally  not  more  than  ten,  but  may  occasionally 
run  as  high  as  fifteen.  On  one  occasion  a  specimen  alone  in  a  cage 
was  observed  to  trill  continuously  for  a  minute  or  more.  Out  of 
doors  the  song  might  be  unnoticed  by  anyone  not  endeavoring  to 
detect  it.  On  trees  where  angusiipennis  occurs  in  equal  abundance 
with  nweus,  its  song  is  nearly  drowned  out  by  the  synchronous 
beat  of  the  latter  species  and  only  by  listening  intently  can  it  be 
detected.  So  far  as  observed  it  sings  throughout  the  night  and 
remains  silent  during  the  day. 

OVIP08ITION. 

In  trees  where  niveus  deposits  eggs  in  branches  from  one  to  three 
inches  in  diameter,  the  female  angusti'pennis  usually  selects  for  this 
purpose  a  smaU  branch  of  about  a  half  or  third  of  an  inch  in  diameter. 
She  generally  drills  into  the  thick  wrinkled  places  in  the  bark  where 
the  small  twigs  branch.  Although  we  have  only  collected  the  egg3 
from  apple,  it  is  probable  that  they  occur  in  all  plants  on  which  the 
adults  are  known  to  exist.  This  species  has  not  been  observed  to 
use  a  drop  of  excrement  for  plugging  up  the  opening  of  the  egg 
puncture.  For  this  purpose  she  snips  off  little  particles  of  bark  here 
and  there,  chews  them  up  and  pushes  them  into  the  hole.  Occasion- 
ally when  the  female  has  deposited  an  egg,  she  does  not  completely 
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remove  the  ovipositor,  but  starts  to  drill  again  in  a  slightly  different 
direction  and  places  another  egg  near  the  first.  When  cut  into, 
the  two  punctures  appear  in  the  form  of  a  V  (Fig.  15,  a).  After  an 
examination  of  a  large  number  of  e^  punctures  in  apple  orchards 
near  Geneva  only  a  few  paired  eggs  were  found,  and  caged  crickets 
from  this  section  deposited  very  few  eggs  in  this  manner.  Apple 
branches  from  West  Virginia  and  Kentucky  contained  a  large  number 
of  the  double  punctures  as  well  as  single  ones,  and  Uve  specimens 
from  Kentucky  deposited  fully  half  their  eggs  in  pairs.  The  crickets 
of  the  two  localities  appear  to  be  identical  in  every  respect  and  this 
dijGference  in  habit  seems  to  be  merely  a  physiological  variation. 

(ECANTHUS  EXCLAMATIONIS  Davis. 
historical  notes  and  distribution. 

This  species  was  first  described  by  Davis  ^  from  specimens  collected 
at  Staten  Island  and  several  localities  in  New  Jersey.  It  has  since 
been  recorded  by  Engelhardt  from  Johnson  City,  Tenn.,  and  by 
Walden  from  New  Haven,  Conn.  Mr.  C.  L.  Metcalf  writes  that 
the  North  Carolina  Department  of  Agriculture  has  a  record  of  its 
occurrence  in  the  western  part  of  the  state.  The  author  has  examined 
specimens  taken  by  H.  H.  Knight  at  Hollister,  Missouri,  and  by 
W.  J.  Kostir  at  Cedar  Point,  Sandusky,  Ohio,  and  has  collected 
the  species  with  Mr.  Davis  at  Central  Park,  Long  Island,  where  it 
is  fairly  common. 

habitat. 

The  only  locaUty  in  which  the  author  has  any  knowledge  of  the 
natural  habitat  of  the  species  is  at  the  edge  of  an  area  of  natural 
prairie  land  on  Long  Island,  northwest  of  the  village  of  Central 
Park.  In  the  zone  separating  the  pine  barrens  from  the  open  prairie 
the  trees  are  scattered,  and  the  predominant  species  are  black  jack 
oak  {Qiiercus  rnwilandica)  and  bur  oak  (Q.  macrocarpa),  Exdanuk- 
tionis  was  found  in  much  greater  numbers  on  the  latter  oak  and  in 
company  with  angustipennis.  It  was  not  collected  from  any  other 
plants  in  this  locality  although  many  other  trees  were  beaten  and 
the  weeds  and  grass  were  swept  with  a  net. 

description  of  life  stages. 

Bgg  (Fig.  33,  d).— The  color  is  dull  white,  semitransparent  and  often  ydowiBh 
when  first  laid.  The  cap  (Fig.  33,  b)  is  white  but  sometimes  stained  redcU^  from 
the  bark.  It  is  generally  a  little  broader  than  long  and  the  sides  aie  parallel  at  base 
only  and  the  tip  is  not  so  broadly  rounded  as  that  of  niveua.  The  cap  bears  no  spicules 
but  is  ooYered  witii  low  rounded  elevations  which  in  aggregate  appear  Uke  scales. 
Those  projections  are  about  .02  mm.  in  diameter  and  .005  mm.  hi^  (Fig.  33,  c). 

The  average  measurements  of  twenty  eggs  are  as  follows:  length  2.86  mm.;  greatest 
width,  .56  mm.;  length  of  cap,  .46  mm.;  width  of  cap,  .49  nmi. 

No  specimens  were  obtain^  earlier  than  August  12  and  at  that  time  all  bad  matured 
80  that  the  nymphal  stages  could  not  be  described. 
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Adoll.—  (Plate  XXXIV,  fig.  b).  Color  nearly  pure  white,  wHh  a  sUgbt  tinge  of 
greeniahyellowiapUcee.  Top  ^  head  between  eyes  and  antenns  pale  to  mediumyeUow. 
Wings  with  yellowish  veins.  AntennEB  pale,  without  gray  annulationa.  First  eegment 
of  antenna  with  a  white  opaque  prominoiae  on  the  front  and  innra  nde,  which  bean 


? 


Fro.  33. —  <BcanAm  txdamalionu  Datis. 
a,&ggiuoalE  (x3);b,egg  cap  (sGO);  e,  ptojeotioa  of  egg  oap  (xfiOO);  d.egg  (zlS). 

a  bUcIc  club-shaped  mark.  Beoond  a^ment  with  a  ahorter  black  dash  directly  above; 
the  two  marks  appear  like  an  inverted  exclamation  point,  Tbe  hind  pair  of  winga 
are  generally  long  and  equal  tbe  cerd.  Length  to  ead  of  abdomen  14-15  mm.  Fore 
wing  of  male  13-14  mm.  x  5-C.5  mm.     Ftae  wing  of  female  13-14  mm. 

SOlfO. 

The  Boi^  of  exdamaHonia  is  intermittent  and  Donrrhythmical  and 
most  resembles  the  song  of  angiustipennU.  The  pitch  is  the  lowest 
of  any  of  the  species  studied,  and  reaches  only  to  tne  second  B  above 
middle  C.  The  common  length  of  note  and  rest  is  two  or  three 
seconds  but  this  varies  much,  as  in  the  song  of  anffut^penms.  The 
b^inning  of  each  note  is  comparatively  weak,  but  the  sound  increases 
in  volume  and  sl^tly  in  pitch  and  continues  uniformly  until  it 
abruptly  ends.  In  quaUty  it  most  resembles  tbe  distant  singing  of 
the  common  toad. 

It  was  observed  that  the  males  in  the  ca^es  kept  moving  about 
while  singing  and  that  if  no  females  were  near  they  lowered  their 
wings  to  the  normal  position  between  each  note.  If  a  female  was 
close  by,  the  male  became  more  excited,  kept  the  wings  elevated 
and  repeated  the  notes  in  more  rapid  succession. 

oviPOsmoN. 

No  bur  oak  (Q.  macrocarpa)  could  lie  obtained  near  Geneva,  so 

that  the  females  of  this  tree  cricket  were  not  supplied  with  the 

wood    in   which   they    would   naturally   oviposit.     However   they 

dqiosited  many  eggs  in  brancbee  of  red  oak  which  were  left  in 
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the  cages.  Whether  the  bark  of  the  latter  oak  is  more  resistant 
than  bur  oak  was  not  determined,  but  it  seemed  to  require  con- 
siderable labor  for  the  females  to  bore  the  holes,  and  the  whole 
process  of  egg  la3ring  generaUy  continued  for  about  an  hour.  In 
some  cases  the  cricket  seemed  to  be  unable  to  finish  the  hole  and 
would  pull  out  the  ovipositor  and  chew  a  pit  in  some  other  part  of 
the  branch  for  a  fresh  start.  In  the  few  cases  of  oviposition  observed 
in  detail  the  female  would  fasten  a  drop  of  excrement  to  the  bark 
before  depositing  the  egg  and  after  pulling  out  the  ovipositor  would 
pick  the  pellet  up  and  force  it  into  the  hole.  She  would  then  chew 
off  small  pieces  of  bark  and  add  them  to  the  plug,  and  spend  five 
or  ten  minutes  putting  on  the  finishing  touches.  Although  oak 
branches  of  various  sizes  were  placed  in  the  cages,  the  females  mostly 
chose  branches  between  half  an  inch  and  an  inch  in  diameter  and 
deposited  most  of  their  eggs  in  the  thick  bark  about  the  base  of  side 
branches  (Fig.  33,  a). 

(ECANTHUS  QUADRIPUNCTATUS  BeutenmtUler. 

HISTORICAL  NOTES. 

For  many  years  this  light  colored  species  had  been  regarded  as 
merely  a  pale  variety  of  nigricornis,  Beutemntiller^'^  in  1894  named 
it  as  a  new  species,  his  claim  being  that  of  the  many  pairs  of  tree 
crickets  he  had  observed  mating  in  the  field,  in  no  case  were  these 
two  forms  together.  Many  entomologists  today  beUeve  that  they 
are  only  varieties,  and  there  can  be  no  doubt  about  their  close 
relationship,  but  careful  studies  on  the  two  forms  have  revealed 
constant  (hfferences  in  habits  as  well  as  in  body  characters,  which 
would  indicate  that  they  are  quite  distinct  species. 

DISTRIBUTION. 

Qu4tdHjmnclatu%  is  a  common  species  in  most  parts  of  New  York 
Stat«,  with  the  exception  of  the  northern  forested  areas.  LocaUties 
in  North  America  have  been  recorded  as  follows:  Massachusetts 
(Faxon),  Connecticut  (Walden),  Long  Island  and  New  Jersey  (Davis), 
Ontario  (Walker),  Indiana  (Blatchley),  Illinois  (Forbes),  Minnesota 
(Lugger),  Manitoba  (Walker),  Maryland  (Rehn),  Georgia  (AUard), 
Kansas  and  Texas  (Tucker),  Texas  and  Cdorado  (Gaudell).  From 
specimens  examined  it  can  be  recorded  from  the  following  states: 
Massachusetts,  Connecticut,  New  Jersey,  North  Carolnia  and 
Florida  (Amer.  Mus.),  Ohio  (Kostir),  Minnesota  (Patch),  Colorado 
and  Utah  (Titus)  and  Arissona  (Morrill). 

HABITAT. 

Although  quadrvpundtaius  can  sometimes  be  found  in  the  same 
locality  with  nigricorms  the  preferred  habitat  and  places  of  maxi- 
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mum  abundance  of  the  two  species  are  quite  diffwent  in  chanuiter. 
Upland  fields  abounding  in  medium  sited  weeds  such  as  aster,  sweet 
clover,  daisy,  golden  rod,  ragweed,  and  especially  the  wild  carrot  or 
Queen  Ann's  lace  (Daucus  asrota),  form  the  favorite  enviromoent  cd 
this  species.     Quite  oft«i  in  a  field  of  this 
character  where  quadrijmnctatus  is  prev- 
alent, the  brushy  fence  rows  surrounding 
the  area  will  be  inhabited  by  nigricorTtia. 

DBBCBIPTION  OF  LIFE  STAQBfl. 


Sn  (Fig.  34,  «).—  The  color  wfien  the  «kP  t^ 
fint  bid  it  bridit  mMea  jtOow  but  beoomee  mne- 
whttpaler  ■ederdotHiMntKaeeoD.    In  gcocnl  the]' 


latnfle jalknnrtbintheeaaaf  tttgrieamii.  The 
fffii  iniieai  umillii  lliiii  llimiiiif  the  other  ipeciee; 
tbey  He  about  equal  in  length  to  thon  ol  anguiti- 
pmnu  but  are  mora  alender.  The  cap  is  pure  white 
•od  eonpantivelr  KtutU  (Fig.  34  e).  In  dupe  it 
ii  hmiapheriod  bnt  *  IHtie  mora  prokmged  than 
tbe  cap  of  nxgrieomit  fl|ga.  The  ptx>jeelioiit  erf  the 
cap  He  long  aod  slightly  titickenea  &t  the  end  (Fig. 
34  d).  Thoae  near  tlw  end  of  oap  meaauM  X)2  to 
(OS  DIM.  b  length,  hjr  .007  to  MM  ram.  in  diam- 

-"-     " '1    erf  fifty    apeoimeni  of  «as 

{reateat  width, 
width  of  cap, 


low  irith  ecat- 
an  line  pesent, 

a  first  aegmeDt  latai  BitmimuuAR. 

the  innw  edge  ^^  Egg  puncturee  in  wild  eanot 
^,.  .,.„j,  {xU);b,  longitudinal  aactkB 
*^  »?^  oCthe«me(«3);o,egg(«16J; 
a  hne.  filaik-  d,  projection  ol(«  cap  (x  600); 
teaamepattcm       o,  egg  cap  (i  50). 

Moettrf  hainonboib' pale  inoohv.  Tibial  qmn 
of  hind  tarsi  nearly  black.  Length  8£  to  10  mm. 
d):  Oreeniah  yellow.  Body  bain  mostly  pale. 
cerci,  t«p  of  head  and  median  area  of  pronotum. 
ms  man  distinct.  Length  11  to  12  mm. 
ody  pale  yellowiab  green.  Head  more  yeUowiah 
Niomen  yetlowiah  above  and  below  and  greenish 
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on  sides.  VmlbrdL  area  noi  darkerud.  Legs  dull  yellowiBh  green.  Antenns  pafe 
3reIlow  at  baae,  outer  segments  shaded  with  dull  brownish  gray  which  grows  dark» 
toward  tip.  The  basal  antennal  s^ment  is  flattened  transversely  and  along  the  inner 
edge  of  the  front  face  is  a  narrow  black  line  and  at  the  distal  end  near  the  middle 
of  the  segment  is  a  black  spot.  The  second  segment  has  a  pair  oi  black  spots 
on  the  front  side.  Forewings  of  the  male  are  transparent,  with  greenish  yeUow 
veins.  Forewings  of  female  with  numerous  green  veins.  Ovipositor  brownish  with 
blade  tip.  Length  to  end  of  abdomen,  12-14  mm.  Forewing  d  male,  11  by  4.5  mm. 
Forewing  of  female,  10-12  mm. 

SONG. 

The  crickets  of  this  species  are  more  diurnal  in  their  habits  than 

those  heretofore  discussed,  and  they  can  often  be  heard  singing  at 

midday.    Late  in  the  afternoon  more  individuals  join  the  chorus 

and  they  continue  to  sing  throughout  the  night.    The  sound  is  a 

continuousi  shrill  whistle  with  a  pitch  about  the  third  F  ^  above 

middle  C.    It  most  resembles  a  small  tin  whistle  but  with  a  slight 

rasping  or  quavering  quality.    The  call  continues  generally  for  a 

period  of  several  minutes  without  ceasing,  and  in  a  field  where  large 

numbers  are  present  it  gives  rise  to  a  shrill,  diffused  ringing  from 

which  the  individual  sounds  can  not  be  distinguished.    On  cold 

nights  the  pitch  drops  a  little  and  the  sound  becomes  very  faint. 

The  call  of  old  males  often  becomes  a  weak  rasping  shuffle.    The 

continuous  note  distinguishes  the  song  of  this  species  and  those 

following  from  that  of  the  three  preceding  species,  which  have  an 

intermittent  call. 

oviPosmoN. 

For  the  purpose  of  oviposition  the  female  qitadripundcUus  selects 
small  pithy  weeds.  She  nearly  always  stands  head  downward  on  the 
stalk  while  depositing  the  eggs,  which  consequently  are  directed 
upward  from  the  opening  (Fig.  34,  b).  Out  of  a  hundred  eggs  ex^n- 
ined  to  determine  this  point  only  a  short  row  of  four  were  directed 
downward.  The  slant  of  the  egg  in  the  pith  depends  somewhat  on 
the  diameter  of  the  stalk.  The  cap  end  lies  within  one-half  to  one 
millimeter  from  the  opening  and  the  inner  end  generally  touches  the 
wood  on  the  opposite  side  if  the  stalk  is  not  too  wide.  When  the 
pith  is  of  large  diameter  the  eggs  lie  at  about  an  angle  of  forty-five 
degrees  with  the  long  axis  of  the  stalk,  but  if  the  pith  is  narrower  the 
eggs  lie  more  nearly  parallel  to  the  stalk,  and  in  some  cases  the  pith 
cavity  is  completely  filled  by  the  egg.  The  female  works  on  the 
upper  side  of  a  leaning  stem  and  deposits  several  eggs  in  a  row.  If 
the  stalk  happens  to  be  vertical,  as  it  seldom  is,  the  eggs  may  be 
thrust  in  from  different  directions.  The  rows  do  not  have  the 
compactness  and  regularity  to  be  observed  in  the  oviposition  of 
nigricomis,  but  are  crooked  and  broken  up  into  isolated  punctures 
and  short  rows  of  from  two  to  five  punctures,  each  group  separated 
by  gaps  from  three  to  fifteen  millimeters  long  (Fig.  34,  a).  Within 
the  short  rows  the  holes  are  placed  about  one  to  each  millimeter,  and 
seldom  more  than  eight  or  ten  are  found  in  one  group.    In  some 
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cases  the  eggs  are  so  scattered  along  the  stem  that  they  can  scarcely 
be  said  to  form  a  row.  After  the  egg  is  deposited  the  female  chews 
off  a  small  patch  of  the  outer  tissue  of  the  stalk  and  pushes  the 
material  into  the  hole  at  the  same  time  pressing  in  the  frayed  edges. 
The  neatly  capped  puncture  is  a  very  inconspicuous  object.  In  the 
choice  of  plants  for  oviposition  this  species  is  very  partial  to  the 
wild  carrot  (DaiLcua  carota).  So  confined  are  they  to  this  plant, 
at  least  in  this  region,  that  after  many  long  searches  only  two  other 
plants  were  found  bearing  their  eggs.  One  of  these  was  a  small 
plant  of  golden  rod  and  the  other  a  purple  aster.  Doubtless  other 
small  plants  with  a  solid  pith  are  used  in  localities  where  the  wild 
carrot  is  not  so  abundant.  The  size  of  stalk  used  varies  from  two 
to  five  millimeters  in  diameter  and  in  this  respect  the  insect  shows 
a  marked  difference  from  the  closely  related  nigricornis. 

(ECANTHUS  NIGRICOKNIS  Walker. 

HISTORICAL  NOTES. 

This  insect  is  very  generally  known  in  literature  under  the  name 
(E.  f<isciatu8  (De  Geer),  Fitch,  since  it  was  first  described  by  Fitch 
mider  that  name.  It  has  however  been  pointed  out  by  Scudder^*^ 
and  later  by  Beutenmiiller^^^  that  Fitch  erroneously  identified  his 
msect  as  De  Geer's^^  Gryllus  fasciatus  which  is  really  a  Nemobius. 
Therefore  he  did  not  give  a  name  to  his  species  and  Beutenmtiller 
recommended  that  the  name  nigricomis  be  used  instead.  The 
original  description  of  the  latter  by  Walker^*^  in  1869,  fits  this  insect 
very  well  and  is  undoubtedly  tsikesi  from  the  same  species.  As 
stated  before  Walsh  ^'^  and  Riley  ^'•^'^  considered  this  species  as  a  dark 
variety  of  niveus  and  many  collectors  at  the  present  time  consider 
this  tree  cricket  and  gmdripundcUiis  as  varieties  of  the  same  species. 

DISTRIBUTION. 

This  tree  cricket  is  very  common  and  is  widely  distributed  over 
New  York  and  throughout  the  United  States.  From  literature  it 
is  recorded  as  follows:  Massachusetts  (Faxon),  Connecticut 
(Walden),  New  Hampshire  (Henshaw),  New  Jersey  (Davis),  Ontario 
(Walker),  Tennessee  (Morgan),  Mississippi  (Ashmead),  Michigan 
(Allis),  Indiana  (Blatchley),  IlHnois  (Forbes),  Minnesota  (Lugger), 
Nebraska  (Bruner),  Oklahoma  and  Arizona  (Caudell),  Texas  and 
Kansas  (Tucker),  California  (Baker).  From  specimens  examined 
>we  can  record  it  from  the  following  states:  New  Jersey  and  Con- 
necticut (Amer.  Mus.),  North  Carolina  (C.  L.  Metcalf),  Ohio 
(Kostir). 

HABITAT. 

In  general  nigricornia  prefers  larger  plants  and  more  dense  growth 
than  guadriptmciatus,  and  its    tmbitat    is    more    varied.    While 
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the  latter  is  confined  largely  to  upland  weedy  fields,  the  former  can 
be  found  in  tall,  rank  growths  of  weeds  such  as  in  swamps  and  river 
bottoms,  in  brush  or  second  growth,  in  fence  rows  grown  up  vith 
bushes,  briars  and  vines,  in  raspberry  plantings,  vineyards,  nurseries 
and  even  occasionally  in  orchards.    'Wnile  the  list  of  plants  used  for 
oviposition,  given  in  a  follow- 
ing paragraph,  contains  many 
names  of  trees,  it  has  been  our 
experience  that  these  records 
are  of  rare  or  local  occurrence 
and   generally   refer  to  small 
seedling  trees  growing  among 
brush,  and  thus  do  not  conv^ 
the  proper  impression  re^utl- 
ing  the  habitat  of  the  insect. 

DE8CBIPTI0N   OF   LIFE    BTAQBS. 

Sm  — The  eggs  (Fig.  35,  c)  Me  of 
B  a  light  or  medium  }rellow  ooka',  Mid 

bri^teet  when  finrt  laid.  The  cap  is 
rather  sm«ll,  broader  ihaa  long  and 
hemiapherical,  the  aidcB  being  pirw""' 
only  at  the  extrente  base.  (Fig.  35,  e-) 
The  color  of  the  cap  ii  dull  white  but 
is  Bometimea  Btained  reddiah  wbao  in 
.  certain  plaata.    The  jxojactiMW  h« 

^  ahort,  cylindriul  Mtd  muuded  at  the 

ape.  (Fig.  35,  d.)  Thoae  new  the 
end  of  the  cap  are  .012  mm.  long  by 
.003  mm.  in  diameter.  The  eg^i  <A 
this  BpecisB  can  be  '^W^■^g'■■■*v*  from 
thoee  of  qtuubipiatetatii*  by  the  much 
shorter  projectioDS  on  the  c^i.  Aver- 
age measurementa  of  thirty-six  Bpeci- 
meuB  are  bb  follows:  Length  2.9  mm.; 
greatest  width  .57  mm.;  length  d  oqi 
.33  mm.;  width  of  oap  .44  mm. 

Ifjfmph. —  Flitt  ana  second  instan: 
In  theee  two  Btagee  Uw  criclieta  seem 
to  be  identical  in  evsy  raqieot  with 
thoee  of  ptadripunctalui. 

Third  and  fourth  instars:  The  dif- 
ferences between  mfrieomu  and  quad- 
Tipunetalut  in  these  two  stages  ara 
very  slight  and  only  rdative.  The 
former  is  more  oesriy  pure  gi«Hi  witti 
leas  yeUo wish  tinge;  dorsal  mfuscation 
is  usually  plainly  visible;  hind  legs,  espeeially  the  tibife.  more  heavily  speckled  with 
black  dot«;  and  the  black  line  on  the  basal  antoinal  segment  is  broader.  These  state- 
ments  are  bsaed  on  averages  only.  Not  knowing  where  any  given  specimen  was  found 
it  would  be  imposdble  to  stat«  with  certainty  which  species  it  beloaged  to. 

Fifth  instar  (Plate  XXXII,  Fig.  c):  This  is  the  only  nymphal  stage  in  which  the 
two  spedes  can  be  separated.  Nign^omU  averages  a  litde  lar^,  and  is  not  so  yellow- 
iah  in  oolat.    Dotsal  part  of  head  is  riightly  brownarii.    Hain  «f  body  are  miMtly 


A 

D 


FlO.  35.—  (Ecanlhut  nigricomit  Walkeb. 
a.  Egg  punctures  in  raspberry  (x  Ij);  b,  lon- 
gitudinal section  of  the  same  (x  ' 
egg  (x  IS);  d,  projection  of  egg  cap  (x 
«,  egg  cap  (xm). 
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Uack  or  brown  ioMead  of  pale.  The  logs  appear  dark,  due  to  dark  hairs  and  spots. 
Sonrs  are  black  nearly  to  base.  Antenns  are  black  or  nearly  so  in  outer  part;  the  four 
qoots  at  tbe  base  are  large  and  conspicuous.  The  most  constant  chiuracter,  which 
can  not  be  idKed  on  in  dned  specimens,  is  the  dark  band  on  the  ventral  side  of  the 
abdonftSQ;  the  sternum  of  eaeh  segment  is  shgbtly  infuscated  and  eovwed  with  small 
brownirii  spots. 

AdvU  (Plate  XXXIII,  Fig.  c). —  The  amount  of  color  in  this  species  varies  consider- 
ably and  newly  moulted  specimens  are  lighter  than  old  ones.  The  light  specimens  are 
greenish  y«^w.  Head  witih  blackish  or  sepia  shading  on  median  area,  sides  and  front 
below  the  antenne.  Plonotum  with  similar  shading  on  sides  and  median  area.  Wings 
dear  wiUi  greennh  yellow  veins  and  tinge  of  green  between  veins  on  inner  edge. 
Femora  dull  green  jtibis  and  tarsi  black.  Antenns  black;  first  and  second  segments 
greenish  yellow.  The  first  segment  has  a  brownidi  shading  covering  the  inner  and 
upper  part  of  the  front  side,  and  mduding  a  heavy  black  line  along  the  inner  edge 
and  a  Maek  spot  nsar  the  oistal  end,  whkh  may  be  confluent  with  the  black  Hne. 
Seocmd  segment  with  two  elongate  blaok  spots.  (Fi^.  18,  f.)  VerUer  of  abdmnen 
ioUd  blade;  the  remainder  greenish  yellow.  Dark  specunens  late  in  the  season  have 
the  head,  pronotum,  legs  and  antennie  nearly  entirely  black.  Both  pairs  of  spots 
on  the  two  basal  antennal  segments  are  confluent  (Fig.  18,  g)  and  in  some  specimens 
botii  of  these  segments  are  idmost  entirely  black.  Length  of  body,  14  mm.  Fore 
wing  of  male,  ICPll  mm.  by  4.6  to  5  mm.    Fore  wing  of  female  11-12  mm. 

SONG. 

The  song  of  mgrieorrds  so  closely  resembles  that  of  guadripundatus 
that  it  IB  very  difficult  to  distinguish  the  two.  On  the  average  the 
song  of  the  former  is  louder  and  iSiriller  and  with  less  rasping  quality. 
The  pitch  of  the  two  is  the  same,  the  third  F  ^  above  middle  C, 
and  both  species  have  the  habit  of  singing  durii^  the  day  as  well  as 
at  night.  After  a  study  of  the  habitats  of  the  two  species,  however, 
one  can  judge  fairly  accurately  in  the  field,  which  species  he  hears 
from  the  character  of  the  surrounding  vegetation. 

oviPOsmoN. 

In  preparing  for  oviposition  the  female  generally  selects  a  posi- 
tion well  above  the  ground.  She  works  head  uppermost,  and  if 
the  stalk  of  the  plant  leans  a  little  she  prefers  to  operate  from 
upper  side.  As  with  other  tree  crickets  the  first  step  in  the  pro- 
cess is  to  chew  a  pit  in  the  bark  to  start  the  ovipositor.  The  length 
of  the  drilling  operation  depends  on  whether  the  ^gs  are  being 
deposited  in  the  stalk  of  an  herbaceous  weed  or  in  the  hard  woody 
twig  of  a  tree  or  bush  and  varies  from  ten  minutes  to  half  an  hour. 
After  the  egg  has  been  deposited  and  the  mucilaginous  substance 
discharged  into  the  hole,  the  female  removes  the  ovipositor  and 
chews  off  pieces  of  the  bark  just  above  the  puncture  to  plug  up 
the  opening.  The  pit  made  in  so  doing  serves  as  a  starting  point 
for  the  next  drilling  operation.  This  is  repeated  a  number  of  times 
and  results  in  a  long  compact  row  of  eggs,  with  from  seven  to  ten 
punctures  to  each  centimeter.    (Fig.  35,  a.) 

The  eggs  slant  across  the  pith  cavity  at  an  angle  of  from  forty- 
five  to  sbcty  degrees  with  the  long  axis  of  the  stalk.    (Fig.  35,  b.) 
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If  the  pith  cavity  is  small  and  the  woody  layer  thick,  a  part  of  the 
capped  end  of  the  egg  is  partly  imbedded  in  the  wood.  When  the 
punctures  are  close  together  the  eggs  are  directed  alternately  to  the 
right  and  left  so  that  they  do  not  interfere  with  each  other.  In 
contrast  to  the  oviposition  of  guadripunctcUtis  the  eggs  of  this  species 
are  generally  directed  downward  from  the  opening  as  the  result 
of  the  female  working  head  uppermost.  In  localities  where  strong 
prevailing  winds  have  caused  all  the  weeds  to  lean  in  one  direction, 
the  habit  of  the  female  in  ovipositing  on  the  upper  side  of  the  stalk 
might  give  rise  to  the  impression  that  she  always  worked  on  the 
same  side  with  reference  to  the  points  of  the  compass. 

The  oviposition  period  conmiences  during  the  latter  part  of  August 
and  generaUy  extends  through  the  month  of  September.  The 
total  number  of  eggs  deposited  varies  greatly  with  individual  crickets. 
In  1910  the  records  of  six  pairs  confined  in  breeding  cages  were 
respectively  as  follows:  (1)  165  effis,  (2)  64,  (3)  26,  (4)  78,  (5)  52, 
(6)  31.  Dming  1913  three  pairs  deposited  respectively  22,  51  and 
60  eggs.  The  eggs  were  deposited  in  rows  of  from  seven  to  twenty- 
one  punctures.  Occasionally  the  nmnber  of  eggs  in  a  series  was 
incr^ised  over  night  or  over  a  succession  of  nights  at  varying  intervals 
by  ovipositions  by  the  same  female.  Observations  in  a  patch  of 
raspberries  showed  that  the  number  of  eggs  in  a  row  ranged  from 
two  to  eighty-seven.  The  average  number  in  nineteen  rows  taken 
at  random  was  about  thirty-two  eggs. 

This  species  prefers  for  the  reception  of  its  eggs  plants  which 
have  a  central  pith  surrounded  by  a  woody  outer  layer,  and  there  are 
a  great  many  plants  of  this  character  which  are  selected  by  the  insect 
for  this  purpose.  Eggs  are  deposited  most  abundantly  in  raspberry, 
blackberry,  Erigeron  canadensis  and  the  larger  species  of  Solidago. 
They  are  also  common  locally  in  elder,  grape,  sumac  and  willow. 
A  few  eggs  may  occasionally  be  found  in  the  twigs  of  peach  *  apple,* 
elm,  maple  and  hickory.  Mr.  Goodwin  of  the  Ohio  Station  writes 
that  considerable  oviposition  by  this  species  occurs  in  peach  orchards 
and  vineyards  in  northern  Ohio,  especially  on  trees  and  vines  which 
adjoin  uncultivated  fields.  Similar  conditions  with  respect  to  vine- 
yards have  been  noted  in  the  grape-growing  region  in  Chautauqua 
county,  New  York.  Mr.  W.  T.  Davis  of  Staten  Island  reports 
that  he  has  also  found  eggs  of  this  insect  in  wild  cherry,  white  a^ 
and  Baptisia  tindoria.  In  going  over  the  literature  of  this  species 
we  have  found  numerous  descriptions  of  the  work  of  this  insect 
in  various  plants  besides  those  given  above,  but  always  under  the 
name  of  nweus.  When  the  eggs  are  described  as  deposited  in  long 
rows  there  is  little  doubt  as  to  their  identity;  for  the  only  other 
widely  distributed  species  with  this  habit  is  (E,  quadripunctaluSf 

^  From  material  collected  by  J.  L.  King  at  Gypsum,  Ohio. 
•From  material  eoUeeted  by  B.  G.  Fnit,  New  York  City. 
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which  deposits  eggs  only  in  smaller  and  more  delicate  plants.  On 
this  assumption  additional  host  plants  as  recorded  in  literature  are 
currant,  Helianthus,  artichoke.  Ambrosia,  plum,  cottonwood,  box 
elder,  cherry,  dogwood,  black  locust,  honey  locust,  sycamore  and 
catalpa. 

In  the  size  of  the  stalk  selected  for  oviposition  nigriccrnia  shows 
a  distinct  difference  in  habit  from  quadripunctattu,  in  that  it  almost 
always  seeks  one  of  larger  diameter.  With  grape  vines  and  certain 
weeds,  stems  less  than  five  millimeters  in  diameter  are  seldom  chosen 
and  with  raspberry  canes  and  elder  the  common  thickness  of  the 
wood  is  not  much  under  a  centimeter. 


(ECANTHUS  PINI  Beutenmtiller. 

historical  notes  and  distribution. 

This  tree  cricket  was  first  described  by  Beutenmtiller^^  from 
specimens  collected  in  Windham  Co.,  Conn.  It  has  since  been 
recorded  as  follows:  Gloucester,  Mass.  (Henshaw);  Riverton, 
N.  J.  (Rehn) ;  Kamer,  N.  Y.  (Felt) ;  Staten  Island  and  Long  Island, 
N.  Y.,  and  Bloomsburg,  Columbia  Co.,  Pa.  (Davis). 

HABITAT. 

All  the  above  records  are  from  specimens  collected  on  pine  trees 
and  apparently  this  species  does  not  inhabit  any  other  kind  of  plant. 
The  author  in  company  with  Mr.  Wm.  F.  Davis  collected  a  large 
number  of  specimens  near  Central  Park,  Long  Island.  In  this 
region  as  also  in  the  New  Jersey  pine  barrens  the  pitch  pine  {Pinvs 
riffida)  is  the  predominant  species.  The  trees  are  rather  scattered 
and  closely  surrounded  by  scrub  oak  and  other  smaller  plants,  but 
in  no  case  were  specimens  taken  on  an3rthing  but  the  pines.  Mr. 
Davis  informs  me  that  his  specimens  coUect^  at  Bloomsburg,  Pa., 
were  taken  from  the  Jersey  or  scrub  pine  (P.  mrginiana), 

DESCRIPTION  OF  LIFE  STAGES. 

Egg, —  The  eggp  (Fig.  36,  d)  closely  resemble  those  of  mgrieomU.  The  color 
is  yellow  but  not  so  bright  as  the  eggs  of  quadripuncUUus.  The  cap  (Fig.  36,  e) 
is  a  trifle  larger  thui  tiiat  of  mgricornU  and  the  projections  (Fig.  36,  c)  are  a  little 
larger  and  flattened,  except  those  on  the  extreme  tip  which  appear  to  be  cylindrical. 
The  shape  of  tiie  projections  is  the  most  prominent  difference  between  the  eggs 
of  the  two  species.  This  is  most  easily  seen  when  the  cap  end  of  the  egg  is 
TaisedsothatonegBtsaiiend  viewof  theprojeetaonson  theside.  Those  of  pini  appear 
transversely  elliptical,  with  one  diameter  about  double  the  other,  while  those  of 
tdgrieomis  appear  round  or  broadly  oval.  The  projections  of  the  eggs  of  pird 
measuie  .018  mm.  long,  .012  mm.  wide  and  .006  nun.  thick.  The  average  measure- 
ments of  twenty  eggs  are  as  follows:  Length  3.14  nun.;  greatest  width  .56  nun.; 
length  of  cap  .35  mm.;  width  of  cap  at  base  .47  mm. 

Nymph. —  Fifth  instar:  (Plate  XXXV,  fig.  a.)  Specimens  were  not  obtained  of 
any  stage  earlier  than  the  fifth  nymphal  instar,  which  is  as  follows:    Pronotum  short 
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and  broad.     Head  and  thorax  li^t  brown,  vitb  obscure  pale  mediao  Goe  and  aome- 

what  paler  on  edge  of  disk  of  proDotum.  Wing  pads  greeu,  with  dark  green  vema. 
Abdomen  with  a  broad  dorsal  area  of  dull  green,  bounded  by  a  streak  of  pale 
yellowidi  green  on  each  aide.  Sides  of  abdomen  dull  green,  fading  out  below. 
Sides  and  under  part  trf  thorax  slightly  pinkiab. 
Ant«aiue  yellowish  on  first  two  s^gnjenta,  remainder 
brown,  growing  darker  toward  tip;  basal  s^ment< 
with  black  markiugB  resembling  ^uadripurHiatus, 
Lefp  greouah  Irvwh;  spines  on  hind  tibis  black. 
Length  14.fi  mm 

Aduli.— (Plate  XXXV,  fig.  a.)  Head  and  pro- 
notum  nearly  uniform  dull  reddish  brown;  pronotum 
with  a  paler  stripe  on  each  aide.  Uuderaide  of 
thorax  pale  yellow  with  brown  blotches.  Abdomen 
with  veatnd  area  uniform  dull  brown,  bordered  on 
each  aide  by  a  narrow,  sharply  defined  cream 
colored  stripe;  sides  dull  brown;  dorsal  area  greenish 
brown,  Ant«nns  dull  brown;  two  bocal  segments 
pale  brown  with  block  markings  on  the  front  side; 
Gist  with  a  black  line  along  inner  edge  and  a  trans- 
verse, slightly  obliijue  line  near  the  end:  second  with 
two  elon^te  parallel  black  spolfl.  (Fig.  18,  e.} 
Legs  dull,  utive  brown.  Wings  of  male  transparent, 
with  green  veina;  area  anterior  to  the  rasp  clouded 
with  green;  a  stripe  on  the  inner  edge,  beyond  the 
rasp  and  one  along  the  fold  of  the  wing,  solid  yellow- 
ish green,  so  that  whan  wing  is  raised  it  is  seen  to  be 
clear,  with  two  green  stripes.  Wings  of  female  with 
tnight  green  veins  except  along  the  fold  where  they 
are  pale  yellow,  giving  the  effect  of  a  cream  colored 
stripe.  Near  the  base  they  are  tinged  with  reddish 
brown.  Ovipositor  dark  brown  with  black  tip. 
Lmgth  of  body  IS-IS  mm.  Fore  wing  of  male  13 
mm.  by  6  nun.     Fore  wing  of  female  12  mm. 


The  sons  of  pini  is  a  shrill,  continuous 

whistle,  which  closely  resembles  the  call 

of  nigricomis  and  quadripuruiatus,  but  can 

be  distinguished  by  its  lower  pitch.     It  is 

on  the  averse  about  a  note  and  a  half 

lower  than  the  song  of  those  species,  or  the 

third  E  above  middle  C.  BeutenmOller"* 

^.™,^  >-.  ...^  describes  the  sound  when  many  individ- 

projoetion  of  uals  are  singing  together,  as  "  not  unlike 

oap,  two  views  of  the   the  jingliug  of  sleigh-bells  at  a  distance." 

structure  (x  5(X)) j  d,  egg  fhe  crickets  in  the  cages  in  the  laboratory 


Fto.  3a— (E'eaniAiMptnt  Bbu- 

TBNUtlLLEB. 

a,  Egg  punctures  mpine  (x  Ij); 
b,  longitudinal  section  of  the 


(xl5);e,eggoap(x50). 


luxm  and  continued  tiirou^out  the  night. 


generally  began  singii^  late  in  the  after- 


oviPOSinoN. 


The  females  in  our  breeding  cages  oviposited  mostly  at  night  but 
on  a  few  occasions  they  were  observed  drilling  in  the  daytime,  both 
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in  the  morning  and  afternoon.  Before  beginning  to  drill  a  pit  is 
chewed  in  the  bark  as  with  the  other  species.  The  pine  twigs  are 
rather  resistant  and  the  drilling  operation  requires  thirty  or  forty 
minutes.  On  completion  of  the  process  the  hole  is  plugged  up  with 
bits  of  chewed  bark.  One  female  under  observation  deposited 
fourteen  eggs  in  a  single  night;  another,  which  was  caged  alone 
with  a  male,  laid  only  thirty-one  eggs  in  all.  The  eggs  are  placed 
in  rows  like  those  of  nigricomis  but  are  not  so  close  together;  one 
puncture  to  every  three  millimeters  is  a  common  distance.  A 
favorite  point  for  oviposition  is  at  the  end  of  one  of  the  elongate  scales 
of  bark  with  which  the  pine  twigs  are  covered.  (Fig.  36,  a.) 
The  eggs  may  slant  in  either  direction  in  the  twigs  but  of  the 
limited  number  deposited  in  the  laboratory  most  of  them  were  ' 
directed  downward  indicating  that  the  females  preferred  to  work 
head  uppermost. 

In  the  breeding  cages  the  crickets  were  first  supplied  with  white 
pine  and  Austrian  pine,  but  later  some  branches  of  the  pitch  pine 
were  procured.  Some  apple  twigs  and  wild  carrot  stalks  were  also 
placed  in  the  cages.  The  crickets  showed  a  decided  preference  for 
pitch  pine  while  it  was  in  fresh  condition  but  later  oviposited  in 
the  wild  carrot  stalks  and  apple  twigs.  This  was  probably  because 
the  pine  twigs  became  dry  and  hard  and  a  fresh  supply  could  not 
be  readily  obtained.  In  no  case  did  the  crickets  oviposit  in  the 
other  two  species  of  pine.  The  size  of  the  pine  twigs  used  varied 
from  three  millimeters  to  nearly  a  centimeter  in  diameter.  E^s 
in  the  narrow  twigs  were  found  to  lie  in  the  small  pith  cavity  while 
those  in  the  larger  branches  were  partly  or  wholly  imbedded  in  the 
wood. 

CECANTHUS  LATIPENNIS  Kiley. 

HISTORICAL  NOTES  AND  DISTRIBUTION. 

jmgy»g<io)  original  description  of  this  insect  is  accompanied  by  a 
brief  but  correct  account  of  the  song  and  egg  laying  habits.  He  had 
described  the  e^s  in  grape  in  an  earUer  report^*^  but  at  that  time 
supposed  they  were  the  eggs  of  Orocharis  saUator.  His  specimens 
were  mostly  from  Missouri,  but  he  had  one  from  Alabama  and  one 
from  South  Texas.  Other  records  obtained  from  literature,  corre- 
spondence and  collections  are  as  follows:  Long  Island  and  New 
Jersey  (Davis) ;  Michigan  (Allis) ;  Ohio  (author's  collection) ;  Indiana 
(Blatchley);  Illinois  (Forbes);  Minnesota  (Dugger);  Nebraska 
(Bniner);  North  Carolina  (C.  L.  Metcalf);  Kentuc^  (Schoene); 
Tennessee  (Morgan);  Georgia  (AUard).  The  Ust  given  here  would 
indicate  that  the  range  of  this  cricket  does  not  extend  as  far  north 
as  that  of  the  other  widely  distributed  species.  As  far  as  we 
know  it  has  been  collected  in  this  state  only  in  the  southeastern 
part. 
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The  author  is  more  familiar  with  the  species  in  southern  Ohio, 
where  eggs  were  obtained  for  life  history  studies.  There  the  insect 
is  common  in  weedy  places,  in  flower  beds  and  shrubberies  about 
farm  houses,  and  especially  among  grape  vines.  W.  T.  Davis 
writes  that  in  Loi^  Island,  Stat«n  Island  and  New  Jersey  he  has 

found  latipennis  fairly  common  among  the 

oak  scrub. 

DESCRIPTION  OP  LIPE  BTAOBS. 
Egg.— The  eggs  (Fig.  37,  c]  are  rather  kmg  aod 
alMtder,  and  of  a  pate  yrilow  color.     The  e^>  (^. 
27,  e)  18  white  but  rather  ineonspimioua;  it  is  bn«dei 
Ihaa  long  and  most  reaemblea  tiie  cap  of  nigricnnat 
but  is  gmerally  a  Uttie  oblique,  HibX  u,  the  exbeme 
tip  ia  nearer  the  side  of  the  ^g  having  tits  leeeer  cur- 
vature.   Tlie  projectioiui  of  the  cap  (1^.  37,  d)  are 
narrow  and  a  trifle  longer  than  thoae  erf  nigrieonat 
and  many  are  obtusely  pointed  at  the  tip  ratiier  than 
rounded.     The  Icmg  once   near  the  «id  of  the  c^t 
measure  .017  mm.  long  hy   .007   mm.  in  diameter. 
Measutementa  of  thirteen  apecimena  of  eggs  taken 
from  aeveral   seta  show  oonaiderable   unifarmity  in 
diape  and  die.    The  averaged  are  as  foUowa:   l^gth 
0  3.00  mm.;  greatest  width   .50  mm.;  Imgth  of  eaf> 

.28  mm.;  width  of  cap  .40  mm. 

Nymph. —  flnt  iuatar;  Ground  ookr  (rf  body  pui« 
white.    A  broad  band  of  purpliab  red  extends  full 
length  along  the  domal  side  and   endoaea  a  narrow 
white  median  tine,  which  joins  a  tratuvene  curved 
line  between  the  eyes.     On  the  concave  anterior  aide 
of  the  latter  white  line  ia  a  amall  patch  of  i«d  be- 
tween the  aateniue.  Eyes  He  faintly  yellow.  Antenov 
are  uomarked.    White  median  line  on  the  abdomen  is 
bordered  on  each  side  by  a  dark  brown  tine  <rf  abovt 
the  same  width.    Hind  margin  of  each  segmeait  with 
a  pair  of  conapicuouB  black  bristles  on  the  brown  fines; 
all  otiier  hj^  on  abdomen  pale  and  aearoely  visible. 
^      ........      I      >  ^.  Cerci  with  a  few  specks  of  red.    Lea  unnurked;  last 

Fio.  37.—  (EcarUhus  lattptnnu   gegn^t  of  tund  tarsi  dark.     Length  3.5  nun. 

^i"'  ,  Second   faistar:    Ground    cok*   at   body   sb^tly 

ft,  Egg  puncturea    in    grape    yellowish,  most  pronounced  along  the  sidee.   Reddish 

(x  1));  b,  longitudinal   sec-   band  consiBtii  of  a  pink  ground  color  much  mottled 

taon  showing  e^s  in  golden   and  speckled   with  red,   darkest  along  the   median 

rod  (x3);  c,  egg  (il5);  d,    wliite  line  and  edges.    White   line   widtmed   into  a 

projection  of  egg  cap  (x  500);   spot  on  hind   border   of   each  abdominal  aegmmt. 

e,  egg  cap  (x  50).  Reddish  brown  line  on  each  dde  leeawdl  defined  than 

in  first  iustar.    Hairs  and  brisUee  on  red  band  dark 

in  color.     Anteniuc  white;  segments  in  outer  half  very  indistinct.     Cerci  pinlddi  at 

base.     I^st  segment  of  bind  tarsi  black.     Length  £  mm. 

Third  instar:  Ground  color  pale  yellow,  strongest  along  side«.  Median  donal 
band  of  pale  pink  ground  color,  thickly  speckled  with  redduh  spots  which  occur  at 
the  bases  of  minute  black  l)riBtles.  Top  of  Itead  posterior  to  and  between  tbe  eyes 
marked  with  longitudinal  reddish  streaks.  In  thcrax  tbe  pink  blends  into  ye&ow 
on  tbe  sides  Init  on  ttte  abdomen  the  pink  area  is  outlined  by  a  raddish  Uns  wfaicli  is 
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scaOoped  or  curved  toward  the  median  line  on  the  hind  part  of  each  segment.  Narrow 
mediftn  pale  line  present,  but  obscure  in  -places.  Posterior  edge  of  each  abdominal 
aegmenkt  with  a  white  elevated  spot  on  the  median  line,  bounded  on  each  side  by 
smaller  black  spots,  bearing  tufts  of  black  bristles.  Antemue  pink  at  base,  fading 
out  into  white  on  segments  4  to  6.    Length  7  mm. 

Fourth  instar:  General  color  pale  greenish  yellow.  Outer  ends  of  the  transverse 
pale  line  between  eyes,  curl  strongly  forward.  Median  reddish  band  obscure  on 
thorax.  Abdomen  yellowish  green  on  sides  with  whitish  blotches;  upper  part  becomes 
uniform  pale  yaQow  and  lower  part  cloudy  white.  Pinkish  median  band  much  mod- 
ified oa  abdomen.  Each  segment  bears  a  vase-ehaped  figure,  broad  and  rounded 
oa  tbe  anterior  part,  constricted  just  back  of  the  middle  and  flaring  out  again  on  the 
bind  margin.  Ground  color  of  figure  pale  pink,  except  in  the  eiUarged  part  where 
it  blends  into  a  spot  of  pale  greenish  yellow  in  the  center.  Figure  has  a  reddish 
marg^  and  bears  a  number  of  minute  dark  bristles  with  a  reddish  spot  at  the  base 
of  each.  Median  line  paler  and  slightly  elevated;  near  the  hind  margin  of  each 
segmfiiit  it  is  produced  into  a  small  white  elevation  at  each  of  which  is  a  bristly  black 
spot.     Length  10.5  mm. 

Fifth  instar:  (Plate  XXXIII,  fig.  b).  Head  light  yellow;  upper  part  from  antenn» 
back  dull  {Hnk;  transverse  and  median  pale  lines  as  in  earlier  instars.  Pronotum 
yeUowish,  strongest  on  sides;  dull  median  band  made  up  of  small  black  hairs  and 
brownish  specks.  Abdomen  colored  similar  to  preceding  stage;  ground  color  of  vase- 
shape  figures  on  segments  very  pale  or  even  white.  Basal  segment  of  antennae 
ydlowidi  mottled  with  pink;  following  segments  reddish  but  fading  to  white  within 
four  or  fiye  millimeters.  Legs  greenish,  unmarked.  Last  segment  of  hind  tarsi 
Uaek.    Length  12  to  13  mm. 

Adtdt  (Plate  XXXV,  fig.  b).— Body  whitish.  Head  and  pronotum  tinged  with 
yellow.  Top  of  head  from  antennse  back  with  a  pink  patch,  occipital  region  with  four 
longitudinal  dusky  streaks  fading  out  in  front.  Pronotiun  with  a  median  dusky 
band,  darkest  in  front;  this  is  plain  in  some  specimens  and  absent  in  others. 
Ant<mnng>  red  at  base,  fading  out  near  the  eighth  segment;  the  first  segment  has  pale 
yellow  ground  color  mottled  with  red  espeoally  along  inner  edge.  Remainder  of 
antenns  white  faintly  annulated  at  intervals  with  gray;  extreme  distal  part  dark 
gray.  Legs  white;  knees  yellowish;  hind  femur  with  a  small  black  spot  jtist  before 
distal  end.  Wings  of  male  transparent;  in  some  specimens  the  large  cells  near  the 
tip  are  bordered  by  slightly  infuscated  lines  running  near  and  parallel  to  the  veins. 
Length  of  body  15-17  nmi.  Fore  wing  of  male  13  to  16  mm.  by  6.5  to  8.  mm. 
Fore  wing  of  female  13^14  mm. 

SONG. 

The  song  of  latipennis  is  louder  than  that  of  any  other  tree  cricket 
discussed  in  this  bulletin.  It  is  a. clear,  continuous  whistle  resembling 
the  call  of  the  preceding  species,  but  is  of  a  lower  pitch,  and  has  a 
more  musical  and  bell-like  quality.  On  aa  ordinary  summer  evening 
the  tone  is  about  the  third  I)^  above  middle  C,  but  on  cool 
nights  the  pitch  may  drop  a  half -note  lower.  In  southern  Ohio 
where  the  author  has  observed  this  cricket  in  the  field,  the  males 
began  singing  in  full  chorus  at  dusk  and  continued  throughout 
the  night.  The  reared  specimens  in  breeding  cages  at  Geneva  were 
much  more  shy  than  the  other  species  and  would  not  begin  to  sing 
until  dark  and  when  all  was  quiet  about  the  laboratory. 

oviPOsmoN. 

This  insect  deposits  its  eggs  in  a  peculiar  manner  which  seems  to 
possess  some  advantages  over  the  methods  employed  by  other  tree 
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crickets.  In  depositing  the  first  .egg  in  any  part  of  the  stalk  the 
process  is  essentiaUy  the  same  as  that  of  the  three  preceding  species 
except  that  the  female  seems  to  prefer  workii^  on  the  underside  of  a 
stalk  and  may  start  with  head  either  up  or  down.  After  the  ^g  is 
placed  the  female  turns  around  and  chews  at  the  hole  for  several 
minutes  but  does  not  plug  it  up.  She  then  inserts  the  ovipositor 
in  the  hole  and  begins  to  driU,  this  time  in  the  opposite  direction. 
Not  having  the  hard  woody  layer  to  penetrate,  this  second  drilling 
reams  out  a  hole  in  the  pith  in  about  five  minutes  and  a  second 
egg  is  deposited.  The  insect  then  turns  around,  chews  at  the  hole 
and  starts  to  driU  again  in  the  original  direction.  This  process  is 
continued,  the  female  turning  aroimd  after  each  drilling  until  several 
eggs  have  been  deposited  on  each  side  of  the  hole.  (Pig.  20,  b.) 
Apparently  no  attempt  is  made  to  plug  up  the  opening,  which,  on 
account  of  the  repeated  drillings,  is  large  and  conspicuous. 

The  eggs  of  this  cricket  were  collected  in  southern  Ohio  in  grape 
vines  and  in  large  stalks  of  golden-rod  growing  near  the  vines.  The 
parts  of  the  plants  most  used  were  the  young  shoots  of  the  vines, 
from  three  to  five  millimeters  thick  and  the  upper  ends  of  the  golden- 
rod  stalks  where  they  were  about  five  milhmeters  in  diameter.  The 
holes  were  most  often  on  the  under  side  and  in  many  cases  were 
arranged  in  rows,  with  intervals  of  about  one  centimeter  or  a  little 
more.  (Fig.  37,  a.)  The  eggs  of  each  of  the  two  groups  he  side  by 
side  in  the  pith  and  about  parallel  to  the  long  axis  of  the  vine  or 
stalk.  The  size  of  the  pith  determines  the  number  of  eggs  that  can 
be  placed  together.  The  grape  vine  has  a  small  pith  and  will  hold 
only  two  or  three  e^s  on  a  side,  while  in  the  golden-rod  as  many 
as  six  can  be  found  in  a  single  cluster.  Thus  a  single  hole  in  the 
outer  woody  layer  may  serve  for  the  deposition  of  from  four  to 
twelve  eggs. 

NEOXABEA  BIPUNCTATA  De  Geer. 

HISTORICAL  NOTES. 

It  seems  desirable  to  include  in  this  bulletin  an  account  of  the 
single  described  species  of  Neoxabea,  since  it  is  so  closely  related  to  the 
crickets  of  the  genus  (Eecanthus  that  it  was  for  a  long  time  considered 
as  a  species  of  the  same  genus.  Riley^"^  regarded  the  diflferences 
between  this  species  and  the  other  tree  crickets  of  generic  importance 
and  included  it  in  the  same  genus  with  Xabea  decora  Walker  from 
Sumatra,  to  which  it  seemed  more  closely  allied.  Later  Kirby^^ 
established  it  in  a  genus  by  itself  under  the  name  of  Neoxabea. 

DISTRIBUTION. 

Judging  from  the  meager  records  of  the  species  in  this  state  it 
appears  to  be  confined  to  the  southeastern  comer.  The  collection 
of  the  American  Museum  contains  specimens  from  the  Ramapo 
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Mountains,  Rockland  County,  and  from  Southampton,  Ltmg  Island. 
Other  records  obtained  from  hteratiire  and  collections  are  as  foUows: 
Connecticut  (Walden);  New  Jersey  (Smith);  Pennsylvania  (De 
Geer's  type),  Ohio  (King),  Indiana  (Blatchley),  Illinois  (Forbes), 
Kansas  (Tucker),  North  Carolina  (Amer.  Mus.),  Georgia  (Allard), 
Nicaragua  (Baker).  Apparently  these  records  indicate  that  most 
oi  New  York  is  too  far  north  to  be  within  the  range  of  this  insect. 

DESCRIPTION  OF  LIFE  STAOXS. 

Bn. — Very  long  and  nlendeT  sod  of  a  pale,  toaotparent  yellowiA  oolor.  Tla  cap 
J8  indistiDct  and  cooAta  only  of  mi  opaque,  ininutcd;  ron^sned  portujo  at  the  tgg, 
ud  bean  no  projection!  as  is  common  in  (Eeanlhtu 
efgfi.  Near  the  base  the  roUfjhneeB  takes  the  fonn  of 
diallow  dspreniona  ananged  in  spiral  rows,  but  towanl 
the  tip  the  rovB  break  up  and  the  surface  is  ruguloee. 
The  efigfi  measure  from  3.85  to  4.10  mm.  in  length  and 
from  .45  to  .50  mm.  in  diameter. 

Advil.— The  generic  characters  are  aa  folloirs:  bind 
Ubis  without  teeth  or  spurs  except  at  tip;  basal  aeg- 
■oentofantenns  with  B  blunt  tooth  on  anterior  side; 
maxiUary  palpi  with  third  and  fifth  segments  very 
long  and  fourth  short;  hind  wings  very  long  and  pro-  ' 
trude  behind  body  like  tails.  The  general  color  is  pale 
pinldah  brown.  The  fore  wings  of  the  female  bear  two 
large  dark  brown  blotches,  one  in  front  of  tb«  other. 
Male  wings  unmarked.  Legs  pale  pinkish  color.  Length 

of  body  about  16  mm.     Fore  winga  13  mm.    Hmd  g   ''*^ 

win^  20  mm. 

HABITS. 
Our  knowledge  of  this  insect  is  confined 
to  observations  on  a  few  adult  females  col- 
lected at  Cedar  Point,  Ohio,  by  J,  L.  King  n,    ~,      »r      i.      i_- 
of  the  Ohio  Experiment  Station.    The  lack  (^^^TSk.  '"^ 

of  males  precluded  any  observations  on  the  ^egg(il5)}  b,«gcap  (xSO). 
song  of  the  insects  but  did  not  prevent  the 

females  from  depositing  eggs.  Not  knowing  at  the  time  the  natural 
host  plant  of  the  species  it  was  necessary  to  place  in  the  cages  a 
number  of  different  kinds  of  plants,  amongwhich  was  an  apple  branch 
about  half  an  inch  in  diameter.  This  was  selected  by  the  females  for 
oviposition  and  the  eggs  were  deposited  in  the  bark  in  about  the  same 
manner  as  those  of  nweus,  except  that  most  of  them  were  directed 
upward  from  the  hole.  The  crickets  seemed  to  adapt  themselves 
quite  readily  to  the  apple,  but  at  the  place  where  they  were  collected 
no  apple  trees  exist,  and  I  have  since  been  informed  by  the  collector 
that  the  insects  were  found  on  oak,  willow  and  wild  grape  vines  at 
a  he^ht  of  five  or  ten  feet.  The  trees  were  along  the  forest  border 
or  st^ding  isolated  at  the  edge  of  open,  sandy  areas. 
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THE  GRAPE  ROOT-WORM." 


F.  Z.  HARTZELL. 


The  insect  commonly  known  as  the  grape  root-worm  is  not  a  true 
worm  but  is  the  larva  of  a  beetle  belonging  to  the  faoiily  Chrysome- 
lidse.  To  this  same  family  belong  such  well  known  species  aa  the 
Colorado  potato  beetle  and  the  cucumber  beetle,  lliis  beetle  is 
technically  known  as  Fidia  viticida  Walsh,  and  is  one  of  the  most 
injurious  insects  that  attacks  grapes  in  New  York  State.  It  has 
occasioned  much  damage  in  the  Chautauqua  and  Erie  Grape  Belt 
which  extends  from  Erie,  Penn.,  to  near  Buffalo,  N.  Y.  In  fact, 
the  annual  losses  due  to  this  pest  have  been,  during  years  of  greatest 
injury,  not  less  than  half  a  million  dollars.  How- 
ever, in  other  grape  sections  of  the  State  the  grape 
root-worm  is  not  known  to  growers  generally  because 
its  injuries  have  never  been  prominent;  but  ento- 
mologists have  found  the  insect  as  far  east  as  Massa- 
chusetts and  Connecticut,  so  it  behooves  all  grape 
growers  to  become  acquainted  with  this  pest  in  order 
that,  ^ould  the  insect  become  numerous,  control 
measures  may  be  adopted  before  the  vineyards  have 
been  rumed. 

This  circular  gives  in  concise  form  the  prominent     i 
facts  of  the  life  histoiy  and  measures  for  repression 
so  far  as  they  are  believed  to  have  been  established. 


m 


LIFE  HISTORY. 


FiQ.  39.  —  EoGB 

OF  Gbapb 

Root-Worm. 

(EnlaisBd.) 


The  eggs  of  the  grape  root-worm  are  very  small  (.04  inch  in  length) 
and  are  of  a  yellow  color.  Fig.  39  represents  a  batch  of  ^gs  enlarged. 
On  tibe  average,  one  hundred  and  seventy-five  eggs  are  laid  by  each 
female  during  July  and  August  and  from  them  hatch  tiny,  lemon- 
yellow  grubs  which  drop  from  the  vines  before  feeding  and  burrow 
into  the  soU.  The  endurance  of  these  small  grubs  is  remarkable; 
for  they  possess  strength  sufficient  to  enable  them  to  burrow  throuj^ 
eighth  or  ten  inches  of  compact  soil  until  they  find  the  roots  of  the 
vine  where  they  feed.  The  tiny  rootlets  are  first  eaten  and  later 
the  larger  roots  are  attacked.  When  enough  grubs  are  present  they 
destroy  all  the  rootlets  and  later  eat  channels  into  the  large  roots, 
even  girdling  them.  Vines  showing  roots  with  the  bark  channeled  and 
an  absence  of  small  fibrous  roots  furnish  dhnost  conchmve  evidence  of 
the  work  of  this  pest,  and  to  growers  who  are  unacguainied  with  the 

*  A  reprint  of  Circular  No.  41,  June  21,  1915. 
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Fio.40.— L*BVA  c 
Ours     Roov- 

WOSM 
(Uock  OBlused.) 


ijtsed,  this  root  amdUum  should  be  the  first  sign  to  be  sought  in  a  diag- 
noais  of  the  cause  of  weakened  vines.     (Plate  XXXVII,  fig.  3.)     Upon 
Gndii^  such  a  condition  the  grower  should  search  the  soil  carefully 
for  the  grubs.    (Fig.  40.) 
The  grubs  feed  from  hatching  (during  August) 
■  until  the  latter  part  of  October,  if  the  weather 
remains  mild,  but  towards  the  \a,i\xst  end  of  the 
month  they  will  be  found  burrowing  to  a  depth  of 
ten  to  twenty-four  inches  where  they  work  their 
bodies  about  in  the  soil  and  thus  form  cells  in  which 
they  pass  the  winter.    Most  of  the  grubs  have 
reached  full  growth  by  this  time,   althoi^  in- 
dividuals are  found  which  are  not  full  grown. 

During  the  month  of  May,  these  grubs,  which 
have  survived  the  rigors  of  tfie  winter,  leave  their 
resting  quarters  and  come  nearer  the  surface  and 
those  which  are  not  full  grown  again  feed  on  the 
roots  of  the  vine. 

During  the  early  daj^  of  June,  the  full  grown 
larvae  form  cells  from  four  inches  to  ten  inches  beneath  the  surface 
of  the  soil  (the  depth  is  influenced  largely  by  moisture  conditions, 
although  there  is  individual  variation  in  the  same  soil)  and  here  from 
June  10  to  15  we  find  a  large  percentage  of  the  grubs  changing  to 
pupae  (Fig.  41).  Grape  growers  locally  call  this  the  "  turtle  "  stage. 
These  pupae  are  about  .3  inch  in  length  and  are  cream  colored  except 
the  developing  wings  and  legs  which  are  white. 

The  pupae  are  uruAle  to  form  new  ceUa  if  the  original  cells  are  broken, 
but  they  possess  enough  activity  to  move  their  bodies  slightly  in  the 
broken  cells. 

It  is  almost  needless  to  state  that  no 
feeding  occurs  in  this  steige,  but  very  im- 
portant changes  are  taking  place  within 
the  body  of  the  insect  whereby  it  is  being 
changed  from  a  grub  to  a  beetle.  After 
a  sojourn  of  from  ten  days  to  two  weeks 
in  the  pupa  cell  that  which  was  a  grub 
appears  as  a  l^tr^olored  beetle.  (Fig.  42.) 
Several  days  intervene  between  the 
transformation  and  the  time  the  beetles 
burrow  out  of  their  cells  and  emei^  into 
the  li^t  of  day. 

The  yellowiBh-brown  color  of  the  chitin 
soon  changes  under  the  action  of  sunlight 

to  a  dark  reddish-brown  but  this  color  it  _„ 

presence  of  diort  gray  hairs  over  the  greater  portion  of  the  body, 
which  causes  the  insect  to  have  a   grayish  appearance.     These 


FiQ.  41.— PnpA    OF    Okapb 

Sooi^WoRH. 

(Much  ealaTsncL) 

3  usually  subdued  by  the 
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beetles  are  about  one-fourtb  of  an  inch  in  length  and  are  not  very 
active.  They  feed  by  tearing  the  upper  tissues  of  the  leaves  with 
their  mandibles  producing  peculiar  chain-tike  markings  (Plate  I, 
P^t-  41)  which  lire  cood  evidcmi^p  of  the  presence  of  the  pest  and  also 
indicate  the  number  of  beetles  present.  Feeding  usually  takes 
place  within  a  day  of  emergence  and  the  appetites  of  the  beetles  are 
ravenous  at  first  but  later  they  do  not  feed  so  greedily.  The  date  of 
emergence  of  the  first  individuals  is  normally  between  the  20th  and 
25tb  of  June  but  in  certain  seasons  they  may  appear  as  early  as  June 
15  or  aa  late  as  July  5. 


Much  of  the  insect's  time  is  spent  on  canes  of  the  vine,  especially 
near  the  axils  of  shoots,  and  in  sudi  situations  their  color  blends  with 
tiiat  of  the  vine  thus  protecting  them  from  their  enemies.  As  a 
further  protection  these  beetles  drop  to  the  ground  and  remain 
motionless  for  a  minute  or  two  upon  the  least  jarring  of  the  vine 
except  when  this  is  produced  by  the  wind.  While  lying  motiooles 
upon  the  ground  the  color  of  Uieir  bodies  blends  so  perfectly  with 
the  color  of  the  soil  that  they  are  difficult  to  find.  This  habit  of 
"  playing  possum  "  is  an  important  protection  to  the  species.  After 
feeding  for  a  period,  usually  not  exceeding  two  weeks,  the  females 
b^in  to  deposit  their  eg^  under  the  rou^  bark  of  the  canes  and 
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older  wood.  The  egg-laying  period  for  the  beetles  has  been  observed 
to  extend  over  a  month  and  a  half.  During  the  latter  part  of  July 
and  during  August  the  beetles  die,  although  individuals  may  be 
found  as  late  as  the  first  week  in  September. 

RBMBDIAL  MEASX7KB8. 

All  efforts  to  kill  the  grubs  before  they  enter  the  soil  or  while  in 
the  soil  have  proved  impracticable.  Therefore  efforts  in  control 
have  been  directed  to  destroying  the  insects  before  they  have  an 
opportunity  to  lay  eggs,  which  are  to  produce  the  next  crop  of  root- 
worms. 

Two  general  methods  have  proven  beneficial:  (1)  The  destruction 
of  the  pupae;  (2)  Ae  deeinustion  of  the  advUs  before  they  lay  their  eggs. 

Detraction  of  the  pupae. —  A  common  vineyard  practice  is  tiie 
forming  of  a  low  ridge  underneath  the  vines  during  the  last  cultiva- 
tion of  the  summer. 

This  ridge  is  removed  the  following  spring  by  means  of  an  imple- 
ment called  a  horse-hoe.  This  horse-hoeing  is  done  after  the 
vineyard  has  been  plowed  and  harrowed.  While  it  is  good  hortir 
cuUural  practice  to  remove  this  ridge  during  the  latter  part  of  May,  it  is 
desirable,  if  rootrworms  are  numerous^  to  allow  this  ridge  to  remain 
intad  until  a  large  number  of  the  grubs  haoe  fanned  pupal  cells  and 
then  remove  the  ndge  by  means  of  a  horse-hoe  and  follow  shortly  after- 
wards  mth  a  spring-^ooih  harrow.  This  practice  will  crush  many 
pupse  and  will  break  many  cells,  thus  exposing  the  pupse  to  the  air 
and  sunlight  which  kills  them.  If  the  ridge  is  not  allowed  to  remain 
the  grubs  will  form  pupal  cells  nearer  the  roots  and  these  cannot  be 
disturbed  without  injuring  the  roots.  Horse-hoeing  at  the  proper 
time  will  not  kill  aU  the  insects  for  several  reasons:  (a)  aU  the  grubs  do 
not  form  pupal  ceUs  at  the  same  time,  there  being  considerable  variation 
in  certain  years;  (b)  some  grubs  wUlform  ceUs  too  deep  to  be  affected  by 
the  horseshoe.  However  this  operation  constitutes  an  effective 
we^qpon  of  control,  which  adds  no  expense  to  the  vineyardist  inas- 
much as  good  cultivation  is  necessary  for  a  vineyard  especially  during 
the  m<»i&  of  May,  June  and  July,  but  it  should  not  be  expected  to 
take  tiie  place  of  spraying. 

Destruction  of  the  advUs, —  Economic  entomologists  have  con- 
centrated their  efforts  for  the  control  of  this  pest  upon  the  killing 
of  the  adults  before  they  lay  their  eggs.  Spraying  with  arsenical 
poisons  is  the  practice  which  has  3delded  the  best  results.  Bordeaux 
mixture  (8-^100)  with  6  lbs.  of  arsenate  of  lead  is  used  most  exten- 
sively. This  material  was  bdieved  to  poison  the  beetles,  but  our 
experiments  have  shown  that  arsenate  of  lead  either  alone  or  with 
boffdeaux  mixture  is  distasteful  to  the  beetles,  who  appear  to  avoid 
such  maUsrial  and  feed  on  thje  unsprayed  portions  of  the  foliage. 
16 
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If  the  foliage  is  thoroughly  sprayed  the  beetles  show  a  tendency  to 
migrate  to  neighboring  unsprayed  vineyards.  This  repellent  effect 
assists,  in  a  measure,  in  preventing  migratory  beetles  from  other 
vineyards  from  taking  up  their  abode  on  the  sprayed  vines  and 
therefore  has  justification  for  its  use.  Experiments  conducted  by 
this  Station  have  shown  that  the  beetles  are  attracted  by  the  odor  of 
molasses,  and  by  adding  one  gallon  of  molasses  to  100  gallons  of 
water  and  6  lbs.  of  arsenate  of  lead  the  root-worm  beetles  are  at- 
tracted and  poisoned,  but,  imfortunately,  the  addition  of  molafises 
destroys  the  adhesiveness  of  the  arsenate  of  lead.  If  a  rain  occurs 
within  twenty-four  hours  after  spraying,  all  the  material  is  practi- 
cally washed  from  the  foliage  and  very  little  benefit  is  derived.  The 
use  of  this  mixture,  therefore,  necessitates  the  study  of  weather 
conditions  if  the  greatest  good  is  to  result. 

Recommendations, —  //  ihe  beetles  are  not  very  numeroiLS  spray 
vnihin  a  week  after  the  appearance  of  the  first  beetles,  iLsing  bordeaux  mix- 
ture (8-8-100)  and  arsenate  of  lead  6  lbs.  Repeat  this  spraying  in 
about  ten  days.  The  vines  should  be  thoroughly  sprayed.  If  the 
beetles  are  numerous  spray  as  soon  as  ihe  beetles  appear  in  numbers 
on  the  vineSt  being  careful  to  avoid  applying  just  before  a  rain,  with 
arsenate  of  lead  6  lbs.,  molasses  1  gallon  and  water  100  gallons.  A  cheap 
stock  molasses  is  better  than  the  more  refined  grades.  Spray  a  second 
time  one  weeh  later,  u>sing  bordeaux  mixture  {8-8-100)  and  arsenate  of 
lead  6  lbs.  The  object  in  using  the  sweetened  spray  is  to  kill  as  many 
beetles  as  possible  with  the  first  application  and  by  means  of  the 
second  spray  to  repel  what  may  remain  as  well  as  others  migrating 
from  other  vineyards.  Inasmuch  as  the  beetles  are  more  active 
during  warm  day?,  better  results  have  been  obtained  by  applying 
the  molasses  mixture  on  such  days  providing  rains  were  avoided. 

The  length  of  time  between  spra3rings  must  be  determined  according 
to  weather  conditions.  During  hot  weather  the  applications  should 
be  made  with  a  closer  interval  than  during  cool  periods.  The 
amount  of  new  growth  and  the  feeding  of  the  beetles  must  also  govern 
the  operations  of  the  vineyardist  in  spraying.  Seasons  having 
numerous  heavy  showers  the  latter  part  of  June  and  early  July  may 
make  three  sprayings  necessary  in  vineyards  where  the  grape  root- 
worm  is  abundant. 

The  cumulative  effect  of  bordeaux  mixture  and  arsenate  of  lead 
upon  the  number  of  beetles  is  marked.  Although  this  material  may 
not  give  as  decided  results  as  the  sweetened  spray  when  used  for  a 
single  season  on  a  vineyard  severely  infested  with  grape  root-worm, 
still  the  use  of  this  material  over  a  period  of  years  in  the  same  vine^ 
yard  produces  an  appreciable  decrease  in  the  numbers  of  these 
beetles.  The  author  has  observed  that,  in  the  Chautauqua  and 
Erie  Grape  Belt,  seldom  is  a  vineyard  found  seriously  infested  with 
chewing  insects  where  two  thorough  sprayings  of  bordeaux  mistiue 
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and  arsenate  of  lead  have  been  given  annually,  at  the  proper  time, 
for  a  period  of  five  or  more  years.  If  failmre  has  resulted  it  has 
practically  always  been  due  either  to  lack  of  thoroughness  in  applica- 
tion or  to  the  fact  the  material  has  been  applied  at  the  wrong  time. 
For  these  reasons  it  is  beheved  that  growers  generally  ^ould  use  the 
bordeaux  mixture  and  arsenate  of  lead  in  preference  to  any  other 
spray.  In  cases  of  severe  infestation  the  sweetened  spray  can  be 
used  to  reduce  the  number  of  beetles  but  this  should  be  followed  for 
several  seasons  with  the  former  mixture.  The  fungicidal  effect  of 
the  bordeaux  mixture  is  so  important  that  practically  all  vineyards 
would  be  benefited  by  its  use  even  though  no  insects  were  present. 
The  grape  root-worm  is  not  as  difficult  to  control  as  many  grape 
growers  have  believed.  Intelligent  application  of  the  above  recom- 
mendations wiU  usuiJly  hold  the  insect  in  control. 


SINUATE  PEAR  BORER  AND  LEOPABD  MOTH.* 

p.  J.  PARROTT  AND  HUGH  GLASGOW. 

A  recent  survey  by  this  Station  has  established  the  fact  that 
two  destructive  insects  are  being  distributed  into  fruit-growing 
sections  of  this  State  by  importations  of  nursery  stock.  These 
are  the  Sinuate  Borer  (Agrilvs  sinvaius)  and  the  Leopard  Moth 
(Zeuzera  pyrina).  This  circular  contains  a  brief  account  of  the 
pests,  which  should  be  recognizable  from  the  accompanying 
descriptions  and  illustrations. 

SINUATE  BORER. 

The  sinuate  borer,  which  is  of  European  origin,  appears  to  be 
confined  to  the  southeastern  portion  of  the  State  and  as  far  as  is 
known  at  the  present  time  it  is  listfgely  restricted  to  five  or  six  counties 
that  are  contiguous  to  the  Hudson  River.  In  certain  conununities 
its  ravages  have  been  of  such  a  character  that  it  has  almost  dis- 
couraged the  planting  of  pears,  and  it  now  promises  to  exterminate 
the  orchards  that  were  estabUshed  before  the  time  of  its  introduction. 
The  adult  insect  is  a  small  copper-colored  beetle  about  one-third  of 
an  inch  long  (Plate  XXXVIII,  fig.  2).  It  makes  its  appearance 
during  the  forepart  of  June  and  deposits  its  ^gs  in  depressions  or 
crevices  in  the  bark  of  the  trunk  or  branches.  Upon  hatching,  which 
occurs  about  the  first  of  July,  the  larva  (Plate  XXXVIII,  fig.  3) 
burrows  directly  from  the  egg  to  the  sap)-wood,  where  it  cuts  an 
irr^ular  serpentine  mine  (Plate  XXXVIII,  fig.  1),  which  is  very 
characteristic  and  easily  distinguishable  from  that  of  other  borers 
attacking  pear  trees.  With  young  trees  the  presence  of  the  borer  is 
indicated  by  the  splitting  or  the  swelling  of  the  bark,  which  forms  a 
continuous  raised  area  or  welt  that  parallels  the  sinuate  course  of  the 
insect.  The  girdling  of  the  bark  kills  the  trees  or  weakens  them  so 
that  they  lapse  into  a  languishable  state  and  become  unproductive. 

TREATMENT. 

Wood-boring  insects  are  generally  hard  pests  to  combat,  and  this 
beetle,  in  particular,  presents  several  difficulties  which  are  not 
usually  encountered  in  a  single  species.  For  small  trees  the  most 
satisfactory  method  of  control  is,  perhaps,  to  cut  into  the  mine  of  the 
insect  and  destroy  the  inmate.  The  course  of  the  mine  can  usually 
be  followed  by  the  discoloration  and  splitting  of  the  bark  following 
the  tunneling  by  the  borer.    Recent  studies  by  this  Station  have 

•  A  reprint  of  Circular  No.  44,  December  1,  1916. 
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PutTE  XXXVUI.— Sinuate  Peab  B 
1,  work  on  pew  wood;  2,  adult;  3,  \i 


Plate  XXXIX. —  Leopard  Moth. 
1,  Molhs;  2  and  !i,  tuniieU  in  branrhea.  shoning  caterpillats. 
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-shown  that  the  beetles  feed  readily  on  the  foliage,  and  point  to  the 
possibility  of  successfully  controlling  the  insect  by  an  application 
d  an  arsenical  spray  during  the  latter  part  of  May  or  shortly  before 
the  beetles  commence  to  appear.  Also  worthy  >  of  trial  is  an 
api^cation  to  the  trunks  and  branches,  during  early  June,  of  a  deter- 
rent wash  to  prevent  oviposition.  For  bearing  orchards  these  latter 
measures  are  recommended  tentatively  pending  the  results  of  our 
experiments  to  det^mine  their  merits. 

LEOPARD  MOTH. 

As  a  pest  of  fruit  trees,  the  leopard  moth  ranges  in  the  State  of 
New  York  over  much  the  same  territory  as  described  for  the  sinuate 
borer.  It  has  been  observed  in  nursery  stock  of  different  sorts 
of  trees  and  in  old  pear  trees  in  commercial  plantings.  Its  chief 
damage  is  caused  by  the  larva  or  grub  (Plate  XXXIX,  figs.  2  and  3), 
which  inflicts  serious  injury  to  branches  and  trunks  by  tunneling  into 
them.  With  trees,  such  as  nursery  stock,  the  larva  often  bores 
through  the  entire  stalk. .  In  Europe  it  attacks  common  shade  and 
park  trees,  and  has  been  recorded  as  destructive  to  apple,  cherry,  pear 
and  plum.  In  the  communities  in  the  United  States  where  it  is  estab- 
lished, the  moth  is  r^arded  as  one  of  the  worst  enemies  of  shade  trees. 

The  adult  or  moth  has  an  expanse  of  wings  of  two  to  three  inches.  The 
wings  are  white  with  isolated  spots  of  steel  blue  color.  The  female 
is  similar  to  the  male,  but  is  larger  and  possesses  an  extensile  ovipoi^- 
tor.  The  popular  name  given  to  this  insect  was  obviously  prompted 
by  the  spotted  appearance  of  the  moth.     (Plate  XXXIX,  fig.  1.) 

The  eggs  of  the  insect  are  about  the  size  of  a  pin-head,  elliptical 
in  shape,  and  orange-yellow  or  salmon  in  color.  They  are  deposited 
in  crevices  in  the  bark  of  the  branches  and  trunks.  The  larva 
is  a  yellowish-white  or  pinkish  caterpillar,  which  attains  a  length 
of  one  and  one-half  to  two  inches.  The  segments  bear  brown 
tubercles,  which  give  the  caterpillar  a  spotted  appearance.  The 
young  birv»  upon  hatching  seek  tender  twigs  and  growing  shoots, 
which  they  enter.  They  are  mining  creatures  and  burrow  their 
way  through  the  center  of  a  branch  or  consume  as  much  as  one-half 
the  diameter  of  the  wood,  leaving  merely  a  shell  of  bark  over  their 
mines,  or  girdle  the  wood  entirely.  The  young  caterpillars  do 
much  damage  by  seriously  injuring  or  kiUing  young  branches.  The 
older  caterpillars  attack  in  a  similar  manner  the  larger  branches 
and  trunks,  and  form  deep,  extensive  burrows  in  the  wood  beneath 
the  bark.  When  such  tunnels  are  numerous  and  are  contiguous 
the  insect  works  great  havoc,  even  to  large  trees.  The  bark  covering 
the  undermined  areas  eventually  disintegrates,  forming  unsightly 
scars,  or  if  sufficiently  numerous  the  mines  may  entirely  girdle 
branches  and  limbs,  causmg  their  death.  The  loss  of  the  larger 
wood  destroys  the  symmetry  of  the  trees,  giving  them  a  lop-sided 
effect. 
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treatment. 

The  measures  employed  to  combat  this  pest  are  in  general  such 
as  are  commonly  practised  against  wood-boring  insects:  Prmxe  and 
cut  back  infested  branches  and  destroy  caterpillars  in  their  mines. 
In  case  of  attack  of  the  twigs  and  tips  of  branches  by  young  larvffi 
remove  a  few  inches  of  the  end  of  the  new  growth.  Systematically 
examine  trunks  and  large  limbs  for  "  borers  **  which  i^ould  be  cut 
out  and  destroyed.  Caterpillars  buried  deeply  in  the  heart-wood 
should  be  killed  by  probing  with  a  piece  of  wire  or  by  injecting 
carbon  bisulphide  into  the  burrows,  when  the  openings  after  appli- 
cation should  be  immediately  sealed  with  moistened  clay  or  putty. 
Infested  nursery  stock  should  be  burned. 
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INHERITANCE  OF  CERTAIN  CHARACTERS  OF 

GRAPE8.*t 

U.  p.  HEDRICK  AND  R.  D.  ANTHONY. 


SUMMARY. 

In  the  last  35  years,  during  which  time  nearly  10,000  seedlings 
have  been  grown,  various  changes  in  the  metiiods  used  at  the 
Geneva  Experiment  Station  have  been  made  as  the  knowledge 
of  breeding  laws  has  been  extended. 

Results  have  compelled  the  belief  that  inqnoved  varieties  of 
grapes  will  not  be  produced  to  any  extent  until  the  fundamental 
laws  of  heredity  are  tmderstood.  The  present  aim  is  to  discover 
these  laws. 

The  work  is  now  progressing  mainly  along  two  lines:  (i)  The 
determination  of  the  breeding  possibilities  of  varieties  of  grapes 
and  (3)  the  study  and  inteipretation  of  breeding  phenomena. 

Neiariy  300  varieties  of  grapes  have  been  used  in  the  breeding 
work. 

Much  of  the  value  of  the  early  work  was  lost  by  growing  too  few 
seedlings  of  each  cross. 

Recently  Vitis  vinlfera  has  been  used  to  a  considerable  extent 
in  hybridization. 

The  usual  method  of  emasculation  has  been  ineffective  in  a  few 
cases  and  may  be  open  to  criticisuL 

One  of  the  surprises  in  the  study  of  grape  varieties  was  the  failure 
of  many  commercial  sorts  to  transmit  desirable  qualities. 

In  order  to  study  grape  varieties,  nearly  3,000  selfed,  or  pure, 
seedlings  have  been  grown.    These  are  unifozmly  lacking  in  vigor. 

The  inheritance  of  those  grape  characters  which  have  suflScient 
data  available  has  been  discussed  in  this  paper. 

Of  the  two  types  of  stamens,  reflexed  and  upright,  the  first  is 
correlated  with  complete,  or  nearly  complete,  selfHsterility,  the 
second  with  self-fertility. 

Self-sterility  is  probably  caused  by  impotent  pollen.  It  exists  in 
varying  degrees  and  depends  to  some  extent  upon  the  condition 
of  the  vine  and  environmental  factors. 


*  Alflo  printed  in  Jovr,  Agr.  Research,  4:31&~330,  1915. 
t  A  reprint  of  Technical  Bulletin  No.  45,  August,  1915. 
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Self-sterile  varieties  of  grapes  being  undesirable  from  a  hor- 
ticultural standpoint,  can  we  eliminate  those  with  reflezed  stamens? 
The  following  crosses  have  given  upright  and  reflezed  stamens 
in  the  indicated  ratios: 

UXU  =  4.3U:1R 
RXR  =  1.2U:1R 
RXU  =  1U:1R 
UXR  =  ? 

Breeding  from  the  upright  varieties  only  will  decrease  but  not 
eliminate  Sie  seedlings  wi&  reflezed  stamens. 

The  following  seem  to  be  the  results  secured  in  the  study  of  sex 
inheritance: 

Hermaphrodite  female  X  hermqihrodite  male  =  all  hermaphro- 
dites. 
Hermaphrodite    female  X  pure    male  =  i    hermaphrodites  +  i 

males. 

Two  general  laws  have  been  formulated  with  regard  to  color  of 
the  skin:  (i)  White  is  a  pure  color;  and  (2)  it  is  recessive  to  bofli 
black  and  red. 

No  black  variety  has  proved  pure  for  blackness.  Some  contain 
white,  others  white  and  red.    Red  varieties  are  equally  diverse. 

The  colors  of  pure  seedlings  of  certain  varieties  ^ow  wide  varia- 
tion, even  when  derived  from  varieties  of  similar  color. 

In  the  inheritance  of  quality  the  most  noticeable  tiling  is  the  low 
percentage  of  seedlings  whose  quality  is  good  or  above  good.  This 
is  probably  due  to  the  leveling  influence  of  flie  wild  ancestors  from 
which  the  seedlings  are  but  a  step  removed. 

Most  grapes  of  high  quality  possess  some  V.tinitera  blood. 
This  predominance  of  high  quality  is  probably  due  to  the  intense 
selection  to  which  the  species  has  been  subjected  for  centuries. 

The  pure  seedlings  on  the  New  York  Station  grotmds  have  been 
lower  in  quality  than  crossed  seedlings. 

In  the  inheritance  of  size  of  berry  there  is  no  indication  of  domin- 
ance of  any  one  size,  though  fliere  is  a  tendency  for  a  variety  to 
produce  seedlings  approaching  its  own  size. 

The  oval  form  of  many  V.  vinifera  hybrids  is  probably  an  inter- 
mediate between  round  and  a  more  pronounced  ovaL  Oblate  may 
be  a  pure  form  recessive  to  round. 

The  season  of  ripening  of  the  parent  influences  to  a  considerable 
eztent  the  season  of  the  offspring. 

A  vineyard  of  1,500  seedlings  bred  from  1898  to  1903  has  dwindled 
through  selection  to  less  than  75.  Of  these,  5  have  already  proved 
promising  enough  to  be  named* 
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INTRODUCTION. 

The  breeding  of  grapes  {Vitis  spp.)  was  begun  in  the  Horticultural 
Department  of  the  New  York  Agricultural  Experiment  Station 
about  25  years  ago  and  has  been  continued  throughout  this  time  as  a 
horticultural  problem.  Nearly  10,000  seedlings  have  been  grown, 
and  of  these  about  6,000  have  fruited.  This  work  was  begun  about 
1885  by  Prof.  E.  S.  Goff,  who  at  first  grew  seedlings  and  plants  from 
seeds  open  to  cross-poUination.  Later  he  crossed  a  number  of 
varieties.  In  1891  Prof.  S.  A.  Beach  became  the  Station  horticul- 
turist, and  besides  seeking  to  obtain  new  varieties  he  made  studies  of 
self-sterile  varieties,  studied  the  correlation  between  the  size  of  seeds 
and  vigor  of  plants,  and  did  considerable  hybridizing.  In  1905  the 
senior  author  took  charge  of  the  work  in  horticulture  at  the  Station. 
Mendel's  work  had  just  been  discovered,  and  plant  breeding  was 
undergoing  a  stimulus  from  it.  The  work  with  grapes  was  therefore 
replanned  and  extensively  added  to  with  a  view  to  studying  problems 
of  inheritance.  This  work  has  been  continued  and  increased  from 
year  to  year.  Several  assistants  and  associates  have  spent  much 
of  their  time  working  with  grapes  at  this  Station.  Mr.  N.  O.  Booth 
worked  with  grapes  from  1901  to  1908;  Mr.  M.  J.  Dorsey  from  1907 
to  1910;  Mr.  Richard  Wellington  from  1906  to  1913;  Mr.  R.  D. 
Anthony,  the  junior  author,  began  work  at  this  Station  in  the 
siunmer  of  1913,  and  has  devot^  most  of  his  time  to  the  grape 
work  since  then.  Upon  him  has  fallen  the  task  of  presenting  the 
data  in  this  paper.  It  is  the  purpose  of  this  paper  to  discuss  certain 
results  of  this  work. 

AIMS,  METHODS,  AND  MATERIALS. 

During  this  quarter  of  a  century,  experience  and  a  better  under- 
standing of  the  principles  of  breeding  have  modified  many  of  the 
methods  and  changed  considerably  the  nature  of  the  data  which 
are  now  taken. 

The  ultimate  aim  in  this  work  is,  of  course,  the  production  of 
improved  horticultural  varieties.  Through  the  early  days,  when 
breeding  laws  and  methods  were  less  understood  than  now,  there  was 
a  tendencv  to  make  this  the  immediate  as  well  as  the  ultimate  aim. 
The  fact  that  the  first  twenty  years  of  grape  breeding  produced  but  one 
variety  worthy  a  name  served  to  confirm  the  conviction  that  this 
goal  would  be  reached  quicker  by  forgetting  it  for  the  time  being 
and  bending  every  effort  to  the  discovery  of  how  grape  characters 
are  transmitted. 

The  work  is  now  proceeding  mainly  along  two  lines:  (1)  The 
determination  of  the  breeding  potentiaUties  of  a  considerable  number 
of  varieties  of  grapes,  especially  with  the  view  of  finding  unit  char- 
acters; and  (2)  a  review  of  all  the  New  York  Experiment  Station 
brewing  data  on  this  fruit,  to  study  and  interpret  breeding  phe- 
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nomena,  accompanying  this  review  with  the  making  of  the  crosses 
necessary  to  throw  further  Ught  upon  doubtful  points. 

The  results  secured  in  testing  the  breeding  possibiUties  of  grape 
varieties,  which  will  be  discussed  later,  have  made  it  seem  desirable 
to  extend  this  study  to  all  the  varieties  which  show  any  promise. 
For  this  reason  nearly  200  different  kinds  have  been  used  as  pollen 
parents  and  nearly  100  as  maternal  parents  in  this  work. 

Frequently  during  the  early  days  of  the  work  seedlings  which 
seemed  to  lack  vigor  in  the  nursery  were  discarded,  instead  of  being 
planted  in  the  test  vineyards.  Though  this  undoubtedly  removed 
many  unpromising  seedlings,  it  seriously  decreased  the  number 
which  fruited,  and  made  the  interpretation  of  results  difficult  and 
uncertain.  At  best  the  number  of  seedlings  that  Uved  of  each  cross 
was  smaller  than  could  be  desired,  and,  when  this  number  was  still 
further  decreased  by  selection  in  the  nursery  or  by  untoward  cir- 
cumstances, much  of  the  value  of  the  work  from  a  breeding  stand- 
point was  lost. 

Another  change  of  method  which  bids  fair  to  be  exceedingly 
important  has  b^n  the  use  of  varieties  of  Vitis  vinifera  in  breeding. 
Every  indication  points  to  the  desirability  of  the  addition  of  some  of 
the  blood  of  the  European  grape  to  our  native  sorts.  Although  we 
are  working  primarily  to  determine  breeding  laws,  there  is  usually 
a  wide  choice  of  varieties  which  answer  our  purpose,  and  with  the 
growing  of  nearly  100  varieties  of  this  species  on  the  New  York 
Station  grounds  we  have  been  able  to  use  several  as  parents.  There 
are  now  several  hundred  hybrids  containing  V.  vinifera  blood  growing 
on  the  Station  grounds,  and  these  will  be  increased  by  many  hundreds 
during  the  following  years. 

The  methods  used  in  the  actual  work  of  crossing  are  similar  to 
those  of  most  breeders.  The  female  blossoms  are  emasculated 
before  the  calyic  cap  spUts  off  and  are  then  bagged;  the  male  blossoms 
are  also  bag^d  before  the  calyx  spUts.  When  the  pollen  is  ripe, 
the  bagged  male  cluster  is  usually  cut  from  the  vine  and  all  or  part 
of  it  brushed  over  the  emasculated  female.  Usually  some  of  the 
male  cluster  is  inclosed  in  the  bag,  which  is  again  put  over  the  female 
after  pollination.  In  a  few  cases,  where  the  periods  of  blossoming 
of  two  varieties  are  too  widely  separated,  it  has  been  neoesscuy  to 
save  pollen  in  clean  glass  jars.  It  is  customary  to  dip  the  forceps 
used  in  pollination  into  alcohol  with  each  new  variety. 

Certain  results  secured  in  the  summer  of  1914  seem  to  indicate 
that  this  method  is  perhaps  open  to  criticism.  While  emasculating 
clusters  of  the  Janesville  variety  it  was  found  that,  althou^  the  ea;p 
had  not  split,  the  pollen  in  the  anthers  seemed  to  be  mature,  and, 
as  the  anthers  were  ruptured  during  the  emasculation,  there  was  a 
possibility  of  self-fertiUzation  taking  place.  Several  clusters  were 
emasculated  and  bagged  without  being  pollinated.  These  set  n^rly 
the  full  quota  of  berries  with  seeds  that  have  every  appearance  of 
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being  viable.  With  two  other  varieties,  clusters  emasculated  and  not 
pollinated  matured  a  few  plump  seeds,  though  the  clusters  were 
much  below  normal.  A  somewhat  similar  instance  is  reported  by 
Beach  (1)/  the  variety  being  the  Mills.  This  point  deserves  cai*e- 
ful  study,  for  if  it  is  found  that  serious  danger  of  self-pollination 
exists  before  the  calyx  cap  splits  it  will  be  necessary  to  change  the 
method  —  at  least  to  the  extent  of  emasculating  the  eluateiB  several 
days  before  the  eap  is  ready  to  come  off. 

All  data  r^^dlng  siae  and  shape  have  been  recorded  in  com- 
parative terms,  instead  of  the  actual  measurements  being  taken. 
With  a  limited  number  of  observers  and  thousanck  of  seedlings  of 
the  various  fruits  to  be  studied  each  year,  it  was  a  physical  impos- 
sibility to  take  measurements  and  would  not  have  increased  the 
value  of  the  records  to  any  extent  hom  a  horticultural  point  of 
view,  though  it  would,  of  course,  have  furnished  interesting  material 
for  a  statistical  study.  The  value  of  data  reported  in  comparative 
terms  depends  upon  the  accuracy  of  the  recorder.  The  work  with 
the  grape  has  always  been  done  by  members  of  the  scientific  staff, 
and    the  observations  have  usually  been  checked  during  several 
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GRAPES. 

One  of  the  surprises  in  the  study  of  varieties  of  grapes  was  the 
failure  of  many  of  our  conmiercial  sorts  to  transmit  desirable  qualities 
to  their  progeny.  Seedlings  of  Concord,  Niagara,  Worden,  Delaware, 
and  Catawba  grapes  have  so  far  proved  only  disappointments. 
The  best  results  have  been  secured  from  such  little-grown  varieties 
as  the  Ross,  Collier,  Mills,  Jefferson,  Diamond,  and  Winchell.  This 
has  made  it  seem  desirable  to  test  all  varieties  that  show  any  promise. 
The  first  step,  then,  was  to  secure  as  many  varieties  as  possible 
which  were  of  any  value  and  which  could  be  grown  in  northeastern 
United  States.  More  than  400  such  varieties  have  fruited  in 
the  Statitm's  vineyards  and  have  been  described.  About  200 
of  these  have  been  used  to  a  greater  or  less  extent  in  the  breeding 
wcMrk. 

As  an  aid  in  studying  the  breeding  possibilities  of  grape  varieties 
the  Station  has  grown  nearly  3,000  se&ed,  or  pure,  seedlings,  using 
as  parents  most  of  those  varieties  which  have  entered  into  the  crosses 
tiiat  have  been  made.  These  seedlings  have  thrown  much  light 
upon  the  inheritance  of  various  factors,  but  they  have  been  so 
uniformly  lacldng  in  vigor  as  to  lead  to  the  belief  that  only  through 
crossbreeding  can  we  hope  to  produce  improved  varieties. 

^  KefereDoe  is  made  by  Btimber  to  "  Literature  eited,"  p.  50lk 
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INHERITANCE  OF  CHARACTERS. 

The  grape  characters  discussed  in  the  following  pages  are  those  for 
which  sufficient  data  are  available  to  make  such  a  discussion  of  value. 


belf-steriutt. 

On  the  basis  of  flower  type,  grapes  may  be  divided  into  three 
classes:  (1)  True  hermaphrodites;  (2)  hermaphrodites  functioning  as 
females,  owing  to  completely  or  partially  abortive  pollen;  and  (3)  pure 
males  with  the  pistil  absent  or  rudimentary.  Among  these  classes  there 
are  two  types  of  stamens:  Those  with  upright  filaments  and  those  in 
which  the  filaments  bend  backward  and  downward  soon  after  the 
calyx  cap  falls  off.  According  to  Dorsey  (5),  this  is  due  to  the  cells 
of  the  outer  surface  of  the  reflexed  stamens  being  smaller  and  having 
thinner  walls. 

So  far  as  observed  at  the  New  York  Station,  all  pure  males  have 
upr^t  stamens.  Among  the  two  classes  of  females  Beach  (1)  found 
that  only  those  varieties  with  upright  stamens  were  capable  of  pro- 
ducing marketable  clusters  of  fruit  when  self-fertilized.  At  the 
same  time  he  reported  nine  varieties  with  upright  stamens  to  be  self- 
sterile.  Since  Beach  published  his  report  further  work  at  this 
Station  with  three  of  these  nine  varieties  has  proved  them  sdf- 
fertile,  and  it  is  probably  safe  to  say  that  all  varieties  with  upright 
stamens  are  self-fertile,  though  in  var3dng  degrees.  Reflexed  stamens 
are  always  correlated  with  complete  or  nearly  complete  selfnsterility. 
Reimer  and  Detjen  (6)  found  this  last  conclusion  to  hold  also  with 
Vitis  rotundifolia,  a  species  not  studied  at  this  Station. 

The  cause  of  selfnsterility  in  varieties  with  reflexed  stamens  seems 
to  be  a  lack  of  viability  in  all  or  a  larger  part  of  the  pollen  of  such 
varieties.  Booth  (2)  found  that  such  pollen  was  quite  irr^ular 
in  form  and  would  not  germinate  in  sugar  solutions.  Reimer  and 
Detjen  (6)  state  "  the  pollen  of  all  the  present  cultivated  [female] 
varieties  [of  V,  rotundifolia]  is  worthless."  Recently  Dorsey  (4) 
has  ascribed  the  cause  of  this  self-sterility  to  a  degeneration  in  the 
generative  nucleus.  While  this  impotency  may  be  absolute  in  many 
of  the  varieties,  in  some  at  least  it  is  only  relative,  {frequently 
viable  pollen  will  be  found  mixed  with  the  usual  misshapen,  abortive 
pollen  of  the  self-sterile  varieties,  and  nearly  a  hundred  pure  seedlings 
of  the  varieties  which  Beach  (1)  reported  as  totally  sdf-sterile  have 
been  grown  in  the  Geneva  Station  vineyard.  The  degree  of  sterility 
seems  to  depend  to  some  extent  upon  the  condition  of  tiie  vine  due 
to  environmental  factors. 

From  a  practical  standpoint  it  is  undesirable  to  grow  setf-eterile 
varieties.  They  will  not  succeed  in  the  lai^  blocks  of  the  com- 
mercial plantation,  nor  are  they  always  properly  fertilized  in  the 
small  home  vin^ard.    Can  we,  tiien,  in  our  grape  breeding  eliminate 
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self-fiterility?    Letting  U  stand  for  upright  stamens  and  R  for 
reflex,  the  following  table  gives  the  results  of  our  crosses: 

U  X  U*  =  180U  H-   47R        R  X  R   =  16U  +  16R         R  X  U  =  207U  +  206R 
U  aelfed  =  601U  +  162R        R  selfed  «=  MU  +  73R  Ratio 1U:1R 


Total...  .871U  +  1©9R             Total. , .  .IIOU  +  89R 
Ratio 4.3U:1R  Ratio 1.2U:  IR 


UXR=? 


Of  the  varieties  whose  pure  seedlings  have  entered  into  the  ratio 
of  4.3  U  to  IR,  only  two,  involving  18  seedlings,  have  given  simply 
upri^t  stamens;  consequently  it  may  safely  be  said  that  no  variety 
has  proved  pure  for  upright  stamens.  In  the  remaining  crosses  of 
this  class  the  ratios  have  ranged  from  lU  to  2R  up  to  lOU  to  IR, 
with  the  greatest  frequency  at  2U  to  IR.  The  results  with  the  crossed 
seedlings  are  practically  tiie  same.  Over  a  thousand  seedlings  from 
crosses  of  one  type  would  be  expected  to  give  some  rather  definite 
results;  yet  these  results  are  anything  but  definite,  and  apparently 
no  conclusions  can  be  drawn  from  them  except  that  the  varieties 
are  not  homozygous  for  uprightness  of  stamens. 

The  ratio  of  practically  1  to  1  in  crosses  of  varieties  with  reflexed 
stamens  is  perhaps  best  accounted  for  by  the  supposition  that  the 
gametic  composition  of  pollen  and  ovules  is  not  alike.  The  ratio 
of  1  to  1  in  crosses  of  reflexed  by  upright  stamens  may  be  covered 
by  the  same  assumption.  It  should  be  noted  that  the  pollen  of  the 
upright  varieties  produces  the  same  ratio  as  that  of  the  reflexed 
varieties  when  botn  are  used  on  ovules  of  the  reflexed  kinds. 

Upright  varieties  have  been  crossed  many  times  with  reflexed 
sorts  and  several  hundred  seedlings  should  have  resulted  from  these, 
yet  only  one  plant  has  survived  the  vicissitudes  of  ^e  seed  bed  and 
nursery  to  be  planted  in  the  test  vineyards.  In  the  last  five  years 
50  crosses  have  yielded  600  seeds;  yet  from  these  there  are  now  in  the 
nurseries  but  25  living  seedlings.  Many  of  the  pollen  parents  used 
in  these  crosses  were  the  same  as  those  used  in  the  cross  R  X  R. 
In  the  two  crosses  R  X  R  and  R  X  U,  the  pollen  from  upright  and 
reflexed  varieties  produced  the  same  results;  but  comparing  this 
last  case,  U  X  R,  with  the  first  one,  U  X  U,  we  see  that  the  pollen 
of  the  upright  and  reflexed  varieties  has  produced  quite  different 
results  when  used  on  upright  sorts.  Why  this  should  be  is  not 
apparent. 

At  present  there  does  not  seem  to  be  any  way  of  eliminating  reflexed 
stam^,  but  we  can  at  least  decrease  the  proportion  by  using  for 
breeding  only  varieties  with  upright  stamens. 

INHERITANCE  OF  SEX. 

Among  more  than  6,000  seedlings  which  have  flowered  in  the  New 
York  Experiment  Station  vin^ards,  less  than  100  pure  male  vines 

^The  pollen  parent  is  always  placed  last. 
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have  been  found.  Of  these  there  are  complete  breeding  reoords  for 
62  vines,  51  of  which  came  from  croeses  in  which  the  pollen  parent 
was  a  pure  male,  leaving  11  males  recorded  as  produced  by  pollen 
from  hermaphrodite  plants.  Of  these,  5  were  pure  seedlings  from 
one  parent,  the  other  6  from  5  crosses.  These  6  were  probably 
hermaphrodites  erroneously  recorded  as  males,  an  error  very  easy 
to  make  when  the  pistil  has  a  short  style  and  one  which  has  been  made 
several  times  and  corrected  by  subsequent  observations.  The  parent 
yielding  the  5  males  was  discarded  shortly  after  being  used  in  breed- 
mg,  and  our  records  are  meager.  It  was  probably  an  intermediate 
recorded  as  a  hermaphrodite.  Such  an  intermediate,  having  both 
male  and  hermaphrodite  blossoms,  is  under  observation  in  one  of  the 
Station  vineyards,  and  its  pollen  seems  to  behave  as  the  pollen  of  a 
pure  male;  in  other  words,  it  is  reasonable  to  assume  that,  excluding 
these  intermediate  forms,  pollen  from  hermaphrodite  plants  wiU 
not  produce  pure  males. 

The  results  obtained  from  pure  males  as  pollen  parents  are: 

Hermaphrodite    female  X  pure    male  t=  56    hermaphrodites 
+  51  pure  males 

Following  the  assumptions  usual  to  such  cases,  the  hermaphrodite 
would  be  considered  a  sex  heterozygote  and  the  male  a  sex  homozy- 
gote.  Yet  selfed  hermaphrodites  yield  only  hermaphrodites.  These 
results  are  similar  to  those  obtained  at  this  Station  from  selfed 
hermaphrodite  strawberries,  but  differ  from  ShuU's  results  (7)  with 
species  of  Lychnis,  where  the  hermaphrodite  gave  both  females  and 
hermaphrodites.  This  condition  might  be  covered  by  the  assump- 
tion that  the  hermaphrodite  is  a  female  in  which  the  addition  of  a 
single  dose  of  maleness  has  caused  the  production  of  male  organs, 
the  ovules  keeping  the  composition  $  $  and  the  pollen  becoming  S  9  '- 

Hermaphrodite  X  hermaphrodite  =$?Xi$=23?+2  9  ? 

Since  we  have  no  pure  females,  we  must  assume  that  some  con- 
dition prevents  the  formation  of  individuals  with  the  composition 
9  $  ;  therefore,  the  above  cross  gives  only  hermaphrodites.  Of 
course,  if  we  do  not  attempt  to  assume  the  method  of  origin  of 
the  hermaphrodite,  the  case  may  be  covered  by  considering  the 
hermaphrodites  Dure  for  this  character,  while  the  males  would  be 
heterozygous: 

S  SXS  S  =  8  8 
S  Sx8  a  =  S  8-1-8  6 

COLOR  OF  SKIN. 

Colors  of  grapes  are  not  sharply  differentiated,  grading  from 
white  through  many  shades  of  red  and  purple  to  black.  Because  of 
this  wide  range,  the  problem  of  findmg  varieties  which  are  pure  for 
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certain  colors  has  been  greatly  complicated,  yet  until  we  are  able  to 
find  such  pure  colors  and  to  study  their  various  combinations  our 
knowledge  of  the  color  composition  of  many  varieties  will  probably 
be  only  conjectural. 

The  thousands  of  seedlings  which  have  been  fruited  have  made 
possible  the  formulation  of  but  two  general  laws:  (1)  White  is  a 
pure  color;  and  (2)  white  is  recessive  to  both  black  and  red.  White, 
yellow,  green,  and  amber  are  all  considered  under  the  one  term  and 
are  regarded  as  being  the  absence  of  red  and  black. 

No  black  variety  that  has  been  tested  to  an  extent  sufficient  to 
make  the  results  at  all  conclusive  has  proved  pure  for  blackness. 
Some  have  a  factor  for  red;  others  seem  to  contain  only  black 
and  its  absence,  white,  while  still  others  have  both  white  and  red 
progeny. 

In  order  to  simplify  the  study  of  red  varieties,  it  has  seemed  best 
to  divide  the  seedlings  into  two  shades,  the  light  or  medium  reds  and 
those  ranging  from  dark  red  to  purple.  Those  in  the  second  classifi- 
cation are  probably  red  plus  either  an  intensifying  factor  or  various 
amounts  of  black.  Such  a  division  is  somewhat  arbitrary  and  some 
colors  are  difficult  to  place,  but,  in  general,  it  is  a  helpful  arrangement. 
Table  I  gives  the  result  of  combining  similar  colors  and  shows  that 
results  obtained  from  crosses  of  red  varieties  are  as  diverse  as  those 
from  crosses  of  blacks.    The  table  includes  mainly  pure  seedlings. 

Table  I. —  Rxbuuts  of  CBOssmo  Grapes  of  SnoLAB  Colobs. 


GoLOBs  OF  Pab^ntal  Ttfbs. 


White  X  white 

Light  red  X  light  red 
Dark  red  X  dark  red. 
BlackXblack 


Colobs  of  Seedlings. 


Black. 


8 

38 

407 


Purple  to 
dark  red. 


6 
43 
49 


Medium 

to 
light  red. 


13 
45 
13 


White. 


166 

8 

42 

54 


Table  II  illustrates  the  variation  in  color  composition  among  most 
of  the  varieties  given  above  in  the  cross  black  X  black  and  shows 
the  number  of  varieties  which  fall  in  similar  groups.  From  this 
table  it  will  be  seen  that  16  black  varieties  have  given  only  black 
seedlings,  but  the  number  of  seedlings  is  not  large  enough  to  be 
conclusive. 
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Table  II. —  Color  Gboups  of  Pure  Seeduhob  of  Buigx  YABjMraa  of  Gkafbs. 


NxniBEB  OF  Pabehtal  Yabdribs. 

Ck>L0B8 

OF  Seedlenoa. 

Black. 

Bed. 

White. 

6 

52 
128 

71 
132 

• 
• 

16 
31 

29 

6 

10 

25 

15 

It  is  interesting  to  note  that  the  parents  with  only  black  and 
white  seedlings  produce  these  colors  in  the  ratio  of  3  to  1  and  that 
the  seedlings  of  the  varieties  yielding  only  black  and  red  are  reason- 
ably close  to  this  same  ratio. 

The  results  when  different  colors  are  combined  are  given  in 
Table  III.  The  range  of  color  in  the  seedlings  again  emphasizes 
the  necessity  of  knowing  more  of  the  color  composition  of  a  variety 
than  can  be  determined  froi^  its  appearance. 

Table  HI. —  Rbbwtb  of  Cbossing  Gbapbs  of  Dotsbemt  Colobs. 


Color  Combinations  of  Parents.* 


Colors  of  Seedldtos. 


Black. 


Purple  to 
dark  red. 


Medium  to 
light  red. 


White. 


White  X  dark  rod  f 
White  X  black.... 
Black  X  dark  red. . 


5 

41 

100 


44 

3 

52 


14 

3 

40 


50 
12 
32 


*  Light-red  varietiee  wero  not  used  to  an  extent  sufficient  to  make  the  tcbuUb 
of  value, 
t  The  reciprocal  cross  is  included  m  each  case. 

It  would  take  up  altogether  too  much  space  to  report  upon  the 
color  of  the  progeny  of  all  liie  varieties  studied,  but  a  few  of  the 
more  common  ones  are  given  in  Table  IV,  in  order  to  show  the  wide 
variation  in  different  varieties  of  similar  color. 
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Tabui  rv. — ^Vabution  in  Colob  or  Purb  Sbedungb  of  Certain  Vajueties  or 

Gbapes. 


Name  of 
variety. 


Parent. 


Agawam . . 
Brighton . . 
Catawba. . 
Champion. 
Clinton. . . 
Concord. . 

Essex 

Hartford.. 
Hercuke. . 
Isabellft. .. 
Merrimac. 
Nectar.. . . 

Oiark 

Pearl 

Regal 

Worden. . . 
Wyoming . 


Color. 


Purple  red 

Darkled 

Purple  red 

Black 

Black 

Black 

Purple  black  to  black . 
Black 


Black.... 
Black. . . . 
Black. . . . 
Black. . . . 
Black.... 
White. . . , 
Dark  red. 
Black.... 
Dark  red. 


Pure  Seedunos. 


Black. 


I 

6 

2 

13 

15 

40 

4 

4 

3 

8 

9 

4 

16 


4 
1 


Purple  to 
dark  red. 


2 
5 
4 
1 


6 
2 


1 


3 
5 


3 
4 


Medium  to 
light  red. 


9 
3 
1 


3 
1 
1 


6 
2 


15 
2 


White. 


2 
7 
4 
2 
7 
12 


3 

10 

1 


15 
5 
1 
3 


In  the  ultimate  solution  of  the  problems  of  color  inheritance  we 
shall  probably  be  aided  in  no  small  degree  by  those  who  are  studying 
the  subject  from  the  standpoint  of  the  chemistiy  of  the  various  colors; 
thus,  Wheldale  (8)  has  isolated  two  anthocyanins  from  species  of 
Antirrhinum  which  produce  different  shades  of  red  and  three  flavones 
for  ivory,  yellow,  and  white.  Some  work  has  already  been  done 
along  this  line  with  the  grape.  Dezani  (3)  has  found  two  chromo- 
genic  substances  in  white  grapes,  and  several  have  reported  work 
on  the  coloring  matter  of  red  grapes,  but  apparently  the  results 
are  as  yet  too  indefinite  to  be  of  much  value  to  the  breeder. 

INHERITANCS  OF  QUALITY. 

At  first  thought  it  would  seem  useless  to  attempt  a  study  of  such 
an  elusive  and  composite  character  as  quaUty  the  interpretation  of 
which  depends  so  much  upon  the  tastes  of  the  observers;  yet  in  the 
final  analysis  it  is  this  character  which  very  largely  determines 
whether  a  seedling  is  worth  saving  or  must  go  to  the  brush  pile, 
and  any  addition  to  our  knowledge  of  its  inheritance  is  worth  the 
effort. 

Table  V  shows  the  rating  of  the  progeny  of  various  parental  com- 
binations which  run  the  gamut  of  quality.    Most  noticeable  is  the 
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very  low  percentage  of  seedlings  whose  quality  is  good  or  above 
good  even  when  parents  of  the  highest  quality  were  used.  When 
we  consider  the  ancestral  history  of  these  seedlings,  these  results 
are  not  surprising  or  discouraging.  Our  American  grapes,  except 
for  the  y.  vinifera  hybrids,  are  but  a  step  removed  from  the  wild, 
only  a  few  possessing  sufficient  quality  to  make  them  stand  out  from 
the  many  thousands  too  poor  to  be  eaten  with  relish.  In  breeding 
from  these  we  are  breeding  from  the  topmost  point  of  the  species 
and  the  effect  of  the  several  hundred  poor  kinds  in  the  inmiediate 
ancestry  is  to  pull  the  seedlings  down  toward  the  "  level  of 
mediocrity." 

Tablb  V. —  Inheritancb  of  Quautt  in  Grapbs. 


Pabbntal  Trpiis. 


Very    good    to    best  X 

very  good 

Very  good  X  very  good. 
Very     good  X  good     to 

very  good 

Very  good  X  good .... 
Good   to   very    good  X 

good  to  very  good. . . . 
Good   to   very   good  X 

good 

Good  X  good 

Good  Xfair 


Fair  to  good  X  poor. 
Medium  X  medium . 
Poor  X  poor 


Total    number    of 
progeny 


Tttbs  of  PBOaCKT. 


■•0 

S 
n 


1^ 

> 


I 


17 


o 

1 


a 

6 

8 
3 

6 


22 


1 


9 
22 

30 
6 

43 

2 
31 

3 

2 
18 

1 


167 


1 
I 


11 
35 

40 
9 

50 

3 
40 

4 

2 
23 

2 


218 


1 

s 


£ 


4 
8 

9 
3 

20 

8 

18 

1 

5 

14 


go 


I 


7 
24 

30 
43 

48 

38 

5Q 

6 

9 

54 

7 


325 


2 
7 

6 

2 
15 

1 

1 
20 

2 


59 


1 
14 

20 
23 

36 

15 
31 
4 
23 
103 
40 


310 


23 

84 

101 
85 

leo 

M 
168 

16 

40 
213 

51 


1.002 


ti 


a 


48 
41 

40 
10 

31 

4 
24 
25 

5 
10 

4 


21 


The  tendency  for  the  proportion  of  seedlings  of  good  quality  to 
decrease  as  we  use  parents  of  poorer  quality  shows  clearly  the 
importance  of  breeding  from  varieties  of  only  the  highest  excellence, 
and  even  then  we  must  be  reconciled  to  a  relatively  small  percentage 
of  seedlings  of  good  quality. 

Practically  every  grape  in  the  vineyards  of  the  New  York  Station 
which  ranks  high  in  quality  possesses  some  blood  of  V.  vitdfera, 
A  moment's  consideration  of  the  history  of  the  species  shows  us  the 
reason  for  this  predominance.  Eiux)pean  grapes  are  centuries 
removed  from  the  wild  and  have  been  subjected  to  a  more  intense 
selection  than  any  other  fruit;  the  "  level  of  mediocrity  '^  has  been 
raised  to  such  a  point  that  the  species  has  become  a  powerful  factor 
in  transmitting  high  quality. 
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In  this  connection  it  is  well  to  speak  again  of  the  future  that  Ues 
ahead  of  the  breeder  who  will  search  out  and  use  those  varieties  of 
this  potent  species  which  blend  best  with  our  hardy  native  kinds. 
The  ages  of  selection  and  breeding  in  Europe  have  developed  varieties 
of  this  one  species  adapted  to  nearly  as  wide  a  range  of  climate  as  is 
covered  by  all  our  native  species  taken  together.  The  proper 
selection  of  parents  among  these  should  enable  us  greatly  to  extend 
and  enrich  our  viticulture. 

A  considerable  proportion  of  the  seedUngs  the  results  of  whose  cross- 
ing are  given  in  Table  V  are  pure  seedlings.  These  have  been 
separated  and  tabulated  in  Table  VI.  Comparing  the  percentage 
of  those  pure  seedlings  which  are  good  or  above  good  in  quality  with 
the  percentage  of  the  remaining  similar  cros&-bred  seedlingB  shows 
an  interesting  condition.  The  pure  seedliags  are  uniformly  poorer 
in  quality  than  the  crossed  seedUngs.  Is  this  due  to  the  decrease  in 
vigor  which  seems  to  follow  selfing,  or  is  there  some  weightier  reason? 

TaBIA  VI. —  QUAUTT  OF  PUBB  SbBDUNOS  OF  GrAPIS. 


PABuncAL  Tms. 


Very  0ood  X  very  good 

Good  to  very  good  X  good  to 

very  good 

GkiodXgood 

Medium  X  medium 

Po«  X  poor 

ToUl 


Ttpss  of  PBooairr. 


Good  or 
above 
good. 


14 

6 
33 
17 

0 


70 


Below 
good. 


25 

26 
102 
147 

31 


331 


Total. 


39 

32 
135 
164 

31 


401 


Percent- 
age 
good  or 
above. 


36 

19 

24 

10 

0 


17 


Percent- 
age of 
crossed 
seedhngs 
good  or 
above. 


47 

34 
25 
17 
10 


31 


SIZE  OF  BBRRT. 

In  order  to  economize  space  it  was  necessary  to  plant  the  seedlings 
80  close  together  in  the  test  vineyards  that  the  clusters  frequently 
did  not  reach  full  and  characteristic  size.  For  this  reason  tiie  size 
of  cluster  can  not  be  discussed,  although  it  ip  an  important  factor. 
The  size  of  the  berry,  on  the  other  hand,  is  6ne  of  the  size  factors 
k»st  influenced  by  environment  and  season.  The  data  from  these 
vines  should  be  of  value  and  are  presented  in  Table  VII. 
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Table  VII. —  Inhbbitamce  of  ths  Size  of  the  Gbape  Bebbt. 


CuisaKa  OP  Sbedlznos. 

Pabbntal  Ttpbs. 

Very 

small. 

Small. 

Below 
medi- 
um. 

Medi- 
um. 

Above 
medi- 
um. 

Large. 

Very 
lazsB. 

liATge  X  largift 

1 
1 

2 
6 

1 

34 

20 

49 

•13 

Hi 

3 
7 

85 
35 
39 
11 

12 

4 

*a8 
56 
•4 

•103 

23 
6 

84 
2 

69 
37 
38 
12 

7 
3 

19 

20 
3 

11 
8 

8 

Largef  X  mediuin  to  larget. . 
lATse  X  medium 

6 

Medluin   to  large  X  mediuin 
to  large 

5 
4 

26 
6 

4 

Medium  to  large  X  medium.. 
Medium  X  medium 

a 

Medium  to  large  X  amall 

Medium  to  amall  X  medium 
to  small 

••••••• 

Small  X  small 

*  Numbers  in  the  bold-face  type  represent  the  mode, 
t  The  reciprocal  is  included  in  each  cross. 

t  The  use  of  the  two  terms  shows  that  tiie  berries  varied  from  medium  to  large  in  the 
variety. 

A  study  of  the  various  crosses  which  have  entered  into  Table  VII 
has  failed  to  show  any  indication  of  purity  for  size  among  the  varie- 
ties studied.  Lacking  exact  measurements  for  the  various  sizes,  it 
is  not  possible  to  compute  an  accurate  mean,  but  the  relative  position 
of  the  mean  with  respect  to  the  mode  can  be  determined  by  a  short 
study  of  the  table.  The  wide  variation  about  the  mean,  even  in 
crosses  where  both  parents  were  of  the  same  size,  prevents  the  only 
cross  made  between  extremes  of  size,  medium  to  large  X  small, 
from  showing  any  clear  tendency  for  the  Fi  progeny  to  be  inter- 
mediate. The  steady  decrease  in  the  mean  and  mode  as  the  parental 
types  grow  smaller  shows  clearly  the  strong  tendency  for  a  variety 
to  produce  progeny  centering  around  its  own  size. 


FORM  OF  BERRT. 

The  ovalness  of  many  varieties  of  V,  vinifera  is  so  pronounced 
that  some  have  given  this  as  a  species  characteristic  and  have 
assumed  that  ovsJness  in  our  American  grapes  was  an  indicatioD 
of  the  presence  of  blood  of  this  species,  an  assumption  hardly  war- 
ranted by  the  facts.  The  large  number  of  markedly  oval  varieties 
among  table  varieties  of  V.  vinifera,  together  with  the  complete 
or  nearly  complete  loss  of  this  extreme  form  in  hybrids  with  our 
American  grapes,  would  lead  us  to  suppose  that  this  pronounced 
ovalness  is  perhaps  a  nearly  pure  form  and  that  it  is  either  recessive 
to  roundness  or  else  unites  with  roundness  to  produce  a  less  pro- 
nounced oval.  It  is  this  latter  type  of  oval  th^t  is  referred  to  in 
Table  VIII  showing  the  inheritance  of  berry  form.  The  appearance 
of  so  many  seedlings  with  round  berries  in  crosses  of  such  oval 
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varieties  would  tend  to  strengthen  the  idea  that  this  is  an  inter- 
mediate form. 

Any  study  of  oblateness  is  made  uncertain  by  the  small  number  of 
varieties  that  possess  this  form.  One  of  the  most  pronounced  is  the 
Goff,  a  seedling  originated  at  this  Station.  The  behavior  of  pure 
seedlings  of  the  Goff  grape  would  seem  to  indicate  that,  in  this 
variety  at  least,  oblateness  is  a  pure  form  and  its  disappearance 
when  combined  with  round,  as  is  shown  in  Table  VIII,  would  seem 
to  show  it  as  recessive  to  round. 

Tabu  VIII. —  Inhbbitangb  of  Fobm  of  thx  Gbapb  Bebbt. 


Ttpbb  op  Pboosnt. 

• 

Oblate. 

Blight- 
oblate. 

Oblate 

to 
round. 

Round. 

Round 

to 
oval. 

Rliffht- 
oval. 

Oval. 

Oval  X  oral 

1 
3 

i 

17 
4 

1 

10 

2 

22 

1 
2 

1 

:5i 

♦lOO 

♦333 

♦X7 

*'^ 

1 

7 
10 

30 
1 
9 

34 

2 
5 

2 

2 

15 

26 

6 

14 

24 

2 
2 

1 

11 

Oval  X  round  to  oval 

Round    to    oval  X  round    to 
oval ....  r .  t 

3 

10 
56 

Round  X  oval 

3 

Round  X  roimd  to  oval 

Round  X  round 

■'"io 

3 
8 

1 
17 

Round    to    oval  X  round    to 
oblate 

1 

Round  X  round  to  oblate. . . . 

Round  to  oblate  X  round  to 

oblate 

1 
8 

Round  X  oblate. 

Oblate  X  oblate 

•is 

•  Nombera  in  bold-faoe  type  repreaent  the  mode. 

From  a  study  of  Table  VIII  it  is  seen  that  the  mean  would  be  more 
nearly  coincident  with  the  mode  in  each  cross  than  was  the  case  in 
Table  VII.  This  shows  clearly  the  strong  tendency  for  roundness 
to  obscure  both  oval  and  oblate. 


SEASON  OF  RIPENING. 

The  period  of  ripening  of  a  variety  depends  so  much  upon  the 
vigor  of  the  vine,  the  season,  cultural  methods,  and  environmental 
conditions  that  no  very  accurate  data  can  be  presented.  In  one 
year  all  varieties  may  be  10  days  earlier  than  normally,  while  in 
another  year  early  varieties  may  be  unusually  early;  but  a  cold,  wet 
period  late  in  September  and  early  in  October  may  cause  the  late 
varieties  to  be  unusually  late.  These  variations  are  minimized 
when  the  records  extend  over  a  number  of  years.  The  ripening 
dates  of  the  seedUngs  are  usually  taken  for  at  least  three  years  — 
not  long  enough,  but  much  better  than  if  taken  for  a  single  year. 
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In  Table  IX  the  ripening  season  extends  approximately  through 
the  months  of  September  and  October.  The  firet  two  periods  cover 
about  15  days  each,  the  next  two  about  10  da3r8  each,  while  the 
length  of  the  last  period  is  usually  fixed  by  the  first  killing  frosts. 

TABI4B  IX. —  Effxct  or  HsBSDiTT  ON  Sbasok  of  BiFENnie  or  GRins. 

1  I  ■     ■    1 


Parental  Ttpbb  With  Rxpbbbncb 

TO  RXPENllfO  BeABON. 


Apivozi- 
mate  mean, 


Early  X  early 

Early  X  early  to  midBeaeon  f 

Early   to   midMason  X  early   to   mid- 
season  

Early  X  midseason 

Early  to  midseason  X  midseason 

Midseason  X  midseason 

Early  X  late 

Early  to  midseason  X  late 

Midseason  X  late 

Late  Xlate 


Rzpkniho  PxjnoBS  or  PwNMur. 


Sept.  28 

Sept.  22 

Sept.  27 

Sept.  28 

Sept.  26 

Oct.  1 

Oct.  1 

Sept.  27 

Oct.  4 

Oct.  7 


Very 
early. 


8 
13 


21 
11 


2 
3 


Early. 


•30 
♦46 

•46 

20 

♦xa6 

165 

8 

3! 

10 


Early 
mid- 
season. 


20 
18 

42 
♦aa 
100 


8 
2 

*Z04 


Mid> 
season. 


8 
49 


18 
19 


lAte. 


3 

6 
14 


I 


*  Numbers  in  boldface  type  represent  the  mode, 
t  Each  cross  includes  also  the  reciprocal. 

As  would  be  expected,  Table  IX  fails  to  show  purity  or  dominance 
for  any  one  season,  but  it  does  show,  both  in  the  mode  and  in  the 
approximate  mean,  the  extent  to  which  the  season  of  the  parent 
influences  the  offspring.  A  study  of  the  varieties  which  enter  into 
the  table  has  failed  to  show  results  at  all  different  from  those  of  the 
group  in  which  they  fall. 

NEW  VARIETIES  FROM  EARLIER  CROSSES. 

The  results  of  the  first  20  years  of  work  were  anything  but 
encouraging.  Now,  however,  there  is  tangible  evidence  tlmt  progress 
is  being  n^e.  A  vineyard  of  1,500  seedlings  bred  from  1898  to 
1903  has  by  a  process  of  vigorous  selection  decreased  to  less  than 
75  vines,  but  among  this  number  are  several  that  seem  very  promising. 
Five  of  these  have  already  proved  so  desirable  both  at  Geneva  and 
in  a  test  vineyard  at  the  Station's  Vineyard  Laboratoiy  at  Fredonia, 
N.  Y.,  that  in  the  fall  of  1914  it  was  decided  to  give  them  names  and 
place  them  in  the  hands  of  the  nurserymen. 
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EFFECT  OF  VARIOUS  DRESSINGS  ON  PRXTNING 

WOUNDS  OF  FRUIT  TREEd* 

G.  H,  HOWE. 

SUMMARY. 

1.  Fruit  growers  have  long  used  paintSi  tarSi  waxes  and  other 
substances  as  coverings  for  wounds  of  trees.  This  bulletin  Is  a 
report  of  the  effects  of  these  various  substances  on  wounds  made 
on  the  apple  and  on  the  peach, 

2.  The  substances  used  as  coverings  were  white  leadi  white 
zinci  yellow  ochre,  coal  tar,  shellac  and  avenarius  carbolineum. 
The  dressings  of  these  materials  were  applied  when  the  pruning 
was  done  at  different  seasons  of  the  year  and  upon  wounds  of  various 
ages. 

3.  In  all  cases  undressed  pruning  wounds  have  healed  more 
rapidly  than  those  whose  surfaces  have  been  protected. 

4.  Shellac  seemed,  the  first  season,  to  exert  a  stimulating  influence 
upon  the  wounds  but  the  second  season  this  effect  disappeared. 
Of  all  the  materials  used  shellac  was  least  injurious.  On  the 
other  hand  it  adheres  to  the  wounded  surfaces  least  well  of  all. 

5.  Avenarius  carbolineum  and  yellow  ochre  caused  so  much 
injury  that  neither  substance  should  ever  be  used. 

6.  Coal  tar  not  only  caused  injury  but  quickly  disappeared  either 
through  absorption  or  evaporation. 

7.  White  lead  and  white  zinc  caused  some  injury  at  the  time 
of  application  but  the  wounded  tissues  recovered  ratiier  quickly 
and  at  tbe  close  of  the  first  season  the  injury  was  not  very  marked; 
at  the  close  of  the  second  season  it  had  nearly  disappeared.  These 
two  paints  are  the  best  of  the  protective  substances  used  and  of 
the  two  white  lead  is  the  better. 

8.  Nothing  is  to  be  gained  in  the  treatment  of  wounds  in  waiting 
several  weeks  before  applying  any  of  the  various  dressings  used 
fax  these  experiments. 

9.  The  treatment  of  peach  tree  wounds  with  any  of  tiie  substances 
under  experiment  caused  so  much  injury  that  it  may  be  said  that 

*  A  reprint  of  Bulletin  No.  396,  February,  1915. 
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the  wounds  of  the  peach  should  never  be  treated  with  any  of  tfaem 
and  it  may  be  inferred  that  tliis  is  true  of  wounds  on  trees  of  all 
stone  fruits. 

xo.  There  is  nothing  to  show  in  this  experiment  that  it  is  worth 
wiiile  to  treat  wounds,  huge  or  small,  of  tree  fruits  with  any  of  the 
substances  in  common  use.  Had  there  been  a  longer  period  of 
observation,  it  might  have  developed  that  the  wood  exposed  in  the 
larger  wounds  would  have  been  sosnembaX  saved  from  the  decay 
which  often  sets  m  on  exposed  wood  of  fruit  trees.  It  may  prove 
to  be  worth  whUe,  therefore,  to  cover  huge  wounds;  in  which  case 
wliite  lead  is  midoubtedly  the  best  dresshig  to  use. 

INTRODUCTION. 

Fruit  growers  have  long  used  paints,  tars,  waxes  and  other  sub- 
stances as  coverings  for  wounds  of  trees.  Curiously  enough,  com- 
parative tests  of  the  many  compositions  in  use  seem  not  to  have  been 
made  to  ascertaui  the  value  of  these  dressings.  Tree  pnmers  seem 
to  have  taken  it  for  granted  that  some  covering  was  necessary,  for 
large  wotmds  at  least,  and  have  applied  the  most  su  table  material 
at  hand.  Two  theories  suggest  treatment  of  wounds.  One  is  that 
cut  surfaces  of  trees  would  heal  more  quickly  if  some  substance  be 
applied  to  act  in  the  nature  of  a  salve  to  a  sore;  the  other,  that  a 
covering  to  the  wound  prevents  the  entrance  of  fungi  and  insects. 
A  moment's  reflection  shows  that  if  these  purposes  are  served  by 
any  of  the  numerous  substances  used,  some  must  be  better  than 
others.  To  detomine  whether  any  covering  at  all  is  needed  and, 
if  80,  which  is  best,  experiments  were  b^un  at  this  Station  in  1911 
and  carried  on  for  four  years. 

The  trees  used  in  these  experiments  were  apples  and  peaches. 
The  apple  was  taken  as  a  representative  of  the  pome  fruits,  it  being 
assumed  that  the  pear  and  quince  would  behave  in  much  the  same 
maimer.  The  peach  was  taken  as  a  representative  of  the  stone 
fruits,  although  fruit  growers  seldom  think  it  necessary  to  cover 
wounds  of  these  fruits  since  the  cuts  made  are  usually  smaller  and 
heal  more  quickly,  as  a  rule,  than  those  made  on  trees  of  the  pomes. 
It  was  thought,  however,  that  the  knowledge  as  to  the  effects  of  the 
various  substances  on  wounds  of  the  peach  would  be  interesting 
and  perhaps  profitable. 
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The  Bubstances  used  as  ooverings  in  the  experimente  were  those 
most  commonly  rec<»nmended  for  orchard  w<Nrk;  namely,  white 
lead,  white  zinc,  yellow  ochre,  coal  tar,^  shellac  and  avenarius 
carbolineum.'  The  lead  and  sine  were  standard  brands  and  were 
mixed  with  raw  linseed  oil.  The  dressings  were  ap^riied  at  different 
periods  and  upon  wounds  of  various  ages.  Thus,  o^i^am  trees  w&e 
pruned  in  winter  and  treated  at  once,  while  others  wsre  Irft  she 
we^  brfore  being  oovered;  other  trees  were  pruned  m  tiie  spring 
and  immediately  covered.  The  experiments  divide  themselves,  th^^e-. 
fore,  into  the  four  following  heads  under  which  they  wiU  be  discussed: 

I.  The  immediate  treatment  of  winter-pruning  wounds  of  appl^ 
vrees. 

II.  The  delayed  treatment  of  pruning  wounds  of  apple  trees. 

III.  The  immediate  treatment  of  spring-pruning  wounds  of  apple 
trees. 

IV.  The  immediate  treatment  of  winter-pruning  wounds  of  peach 
trees. 

I.    IMMEDIATE  TREATMENT  OF  WINTER-PRUNING 

WOUNDS  OF  APPLE  TREES. 

About  the  first  of  March,  1011,  a  number  of  standard  varieties 
of  apple  trees  grown  upon  dwarf  stock  and  eight  years  from  setting 
were  pruned  and  the  wounds  treated  at  once.  None  of  the  wounds 
were  over  two  inches  in  diamet^.  Groups  of  seven  trees  each 
were  treated  with  white  lead,  white  sine,  yellow  ochre,  coal  tar  and 
shellac.  From  two  to  three  wounds  were  protected  on  each  tree 
with  an  equal  number  left  untreated  to  serve  as  ehecks.  All  of  the 
trees  were  hardy  and  healthy  and  were  making  a  strong,  vigorous 
growth.  The  pruning  was  done  as  generally  practiced  in  com" 
mercial  orchards.  Thick  coatings  of  the  materials  used  were  applied 
to  the  wounds  and  the  cut  surfaces  were  all  thoroughly  covered, 

1  Coal  tar  or  gaa  tar,  as  it  is  frequently  catted,  is  the  residual  tar  obtained  from  tba 
distHlation  of  tntuminous  ooal  used  in  swi  maldng.  There  are  s^-osUed  "  ooal  tar  " 
preparatioDS  which  are  produced  by  dissolving  certain  arohaltum  compounds  in 
gasoline  or  naphtha  but  such  preparations  were  not  used  in  these  experiments. 

*  Carbotineum,  derived  from  the  Latin  words  oarbo,  coal,  and  ofeum,  oil,  to  make  a 
fancy  name  for  a  new  commodity,  is  a  distillation  from  coal  tar  or  bituminous  shale, 
containing  phenoloid  hydrocarbons  of  a  highly  preservative  nature.  The  material 
used  in  these  experiments  is  sold  under  the  trade  name  avenarius  earboluMttm,fi<em  the 
fact  that  Richaid  Avenarius,  a  German,  first  recommended  carbolineimi  as  a  wood 
preservative. 
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but  care  was  taken  to  preva[it  the  dreasings  from  trickling  down  the 
trunks  or  branches. 

At  the  end  of  the  growing  season  of  1911,  all  of  the  wounds  had 
healed  more  or  less.  Some  of  the  smaller  cuts  showed  a  considerable 
amount  of  newly  formed  bark.  In  all  cases  the  wounds  which 
had  beea  treated  with  the  several  substances,  except  shellac,  showed 
that  some  of  the  cambium  tissues  at  the  lower  edge  of  the  cut  sur- 
faces had  been  injured,  th^eby  increasing  the  size  of  the  wounds. 
No  such  injury  was  apparent  upon  the  untreated  wounds  or  those 
coated  with  shellac.  The  exposed  surfaces  of  the  untreated  wounds 
were  all  more  or  less  cracked  and  checked  due  to  drying  out  caused 
by  the  action  of  sunlight  and  atmospheric  factors.  No  appreciable 
difference  could  be  noted  in  the  amount  of  healing  of  the  smaller 
wounds,  whether  treated  or  untreated.  With  those  of  greater 
diameter,  however,  there  was  a  slightly  increased  bark  growth  on  the 
untreated  wounds  and  those  dressed  with  shellac. 

At  the  close  of  the  growing  season  of  1912,  practically  two  years 
after  the  experiment  was  started,  the  majority  of  the  wounds  were 
neafly  or  completely  healed.  In  some  few  cases  cankers  had  started, 
either  at  the  point  of  the  wound  or  on  the  trunk  or  an  adjoining 
branch.  Cankers  were  as  oft^^  found  on  the  treated  as  on  the 
untreated  wounds.  For  the  most  part,  however,  the  trees  remained 
healthy,  and  normal  growth  had  ensued.  It  was  found  that  owing  to 
the  enlargement  of  the  woiihds  treated  with  ochre,  lead  and  zinc, 
much  of  the  surface  of  the  larger  wounds  still  remained  bare.  The 
sides  and  top  of  the  cut  showed  the  greatest  amount  of  new  bark  with 
less  growth  at  the  base  where  the  material  had  collected.  Coal 
tar  caused  a  slight  injury  in  several  cases.  There  was  no  such 
injury  where  shellac  had  been  used.  The  lead  and  zinc  still  remained 
intact  over  the  surfaces  of  the  unhealed  wounds,  leaving  no  cracks 
or  crevices.  Much  of  the  shellac,  however,  had  crumbled  away 
leaving  the  wounds  so  treated  somewhat  dried  out.  Even  the 
ochre  and  tar  had  been  considerably  affected  by  the  weathering. 
As  a  whole  the  results  were  better  upon  the  untreated  wounds  than 
upon  those  covered  with  the  various  preparations  other  than  shellac. 

Early  in  March,  1912,  a  number  of  seedling  apple  trees  seven 
years  from  planting  were  treated  with  the  same  preparations  used  in 
the  first  experiment.  Here  again  wounds  up  to  two  inches  in 
diameter  were  made.    Groups  of  four  trees,  each  with  three  or  four 
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wounds,  were  used  for  the  different  substances;  while  eight  adjoin- 
ing trees  were  pruned  and  the  wounds  left  untreated  to  serve  as 
checks.  The  wounds  made  were  for  the  most  part  upon  the  trunk 
or  at  the  base  of  some  of  the  larger  branches.  At  the  close  of  the 
growing  season  of  1912,  newly  formed  bark  was  formed  on  the 
majority  of  the  wounds,  whether  treated  or  not.  Injury  was  again 
very  apparent  on  all  wounds  treated  with  ochre,  lead,  zinc  and  coal 
tar.  No  injury  was  found  where  shellac  had  been  applied.  On 
the  contrary  this  substance  had  seemingly  stimulated  growth, 
there  being,  apparently,  a  greater  amount  of  callus  formation  on 
these  woimds  than  on  those  which  had  not  been  treated.  All  of 
the  untreated  wounds  showed  a  cracked  and  checked  surface  due 
to  drying  out.  Some  of  the  smaller  ones  were  already  nearly  covered 
over  and  on  none  was  there  any  indication  of  fungi. 

At  the  end  of  the  next  season,  1913,  final  observations  revealed 
a  condition  not  unlike  that  found  the  second  year  in  case  of  the 
preceding  experiment.  The  wounds  upon  which  shellac  had  been 
used  and  those  which  had  received  no  treatment  showed  the  greatest 
amount  of  new  growth.  Fully  half  of  the  total  number  of  such 
woimds  were  practically  closed  in.  There  seemed  to  be  no  per- 
ceptible difference  between  the  amount  of  healing  of  those  treated 
with  shellac  and  those  left  as  checks.  The  first  year,  shellac  seemed 
to  stimulate  growth  slightly  but  this  was  not  apparent  the  following 
season.  At  the  time  of  examination  most  of  the  shellac  had  scaled 
off  leaving  the  unhealed  wounds  somewhat  cracked  and  dried  out. 
The  wounds  treated  with  ochre,  lead,  zinc  and  tar  all  showed  evi- 
dences of  injury  caused  at  the  time  of  application.  While  practically 
all  wounds  were  forming  some  new  bark,  the  basal  portion  was 
in  every  instance  relatively  poorly  healed.  The  substances  used 
still  remained  intact,  except  that  the  tar  had  partly  disappeared 
owing  to  absorption  and  evaporation.  Much  of  the  ochre  had  also 
disappeared.  This  material  seemed  to  cause  the  most  pronoimced 
injury,  lead  and  zinc  being  somewhat  less  harmful  but  each  of  the 
two  to  practically  the  same  degree. 

These  experiments  were  further  supplemented  by  another  of  similar 
nature  in  1913.  Early  in  March,  wounds  made  upon  a  number 
of  standard  varieties  of  apple  trees  averaging  30  years  old  were 
treated  with  yellow  ochre,  white  lead,  white  zinc,  coal  tar,  shellac, 
and  avenarius  carbolineum.    Wounds  were  dressed  with  the  various 
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materials  on  groups  of  four  trees,  each  with  from  two  to  three  wounds, 
while  an  equal  number  of  wounds  were  left  untreated  to  serve  as 
checks.  Since  it  had  already  been  proved  that  small  wounds  heal 
more  readily  without  any  treatment,  in  this  experiment  wounds 
3}  to  5  indies  in  diameter  were  made.  It  is,  of  course,  obvious 
that  the  larger  the  wound  the  longer  will  be  the  tune  required  for 
its  healing  and  the  greater  will  be  the  danger  of  the  entrance  of  fungi 
and  insects. 

At  the  end  of  the  season  it  was  found  that  of  all  the  preparations 
used  on  the  large  wounds,  shellac  was  the  only  one  which  caused 
no  injury,  and  even  this,  in  case  of  one  wound  heavily  coated  with  it, 
caused  a  slight  killing  of  the  cambium  tissues.  On  the  other  hand, 
shdlac  usually  stimulated  growth  and,  as  a  rule,  the  woimds  so 
treated  the  first  year  seemed  to  have  healed  somewhat  better  than 
the  checks.  The  untreated  wounds,  however,  were  all  in  good 
condition  and,  although  more  or  less  cracked  and  dried  out,  were 
free  from  any  fungus.  These  woimds  had  made  a  greater  progress 
in  the  formation  of  a  new  woody  covering  than  any  of  those  treated 
with  preparations  other  than  shellac.  Of  all  the  substances  detri- 
mental to  the  formation  of  a  covering,  avenarius  carbolineum 
stood  at  the  head.  In  fact,  this  substance  was  so  injurious  to  the 
tissues,  not  only  at  the  base  but  entirely  aroimd  the  wound,  that 
there  had  been  little  or  no  healing.  Even  the  woody  tissues  appeared 
dead  owing  to  the  absorption  of  the  material.  Carbolineum  may 
be  an  excellent  preservative  but  as  a  dressing  for  pruning  wounds 
it  is  most  injurious.  All  of  the  other  wounds  treated  with  ochre, 
lead,  zinc  and  coal  tar  showed  some  injury  but  many  had  started 
new  bark  formation.  Of  these  others,  those  treated  with  tar  pre- 
sented the  smallest  amount  of  injury  while  those  upon  which  ochre 
was  used  exhibited  the  greatest  amount.  The  lead  and  zinc 
caused  a  considerable  killing  of  cells  around  the  entire  cut  surface 
although  this  was  most  pronounced  at  the  base.  In  fact  the  bark 
immediatdy  surrounding  the  base  where  the  paint  had  collected 
was  frequently  dead.  Some  new  bark,  however,  was  found  around 
most  of  the  woimds  so  treated. 

At  the  close  of  the  season  of  1914  final  observations  were  made 
npon  these  trees.  In  every  case  the  untreated  wounds  had  made 
a  better  formation  of  new  bark  than  those  covered  with  the  various 
materials  other  than  shellac.    Practically  no  difference  could  be 
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detennined  between  the  amount  of  new  bark  formed  upon  wounds  of 
these  two  classes.  While  the  shellac  had  in  the  majority  of  instances 
nearly  all  flaked  off  leaving  the  unhealed  surfaces  of  the  wounds 
somewhat  cracked,  this  cracking  was  not  as  apparent  as  on  those 
receiving  no  treatment.  Although  only  the  smaller  wounds  were 
considerably  healed*  in  no  instance  were  any  of  the  imtreated  wounds 
failing  to  make  some  growth.  Occasionally  here  and  there  a  wound 
rather  poorly  made,  or  upon  a  branch  lacking  vigor,  was  failing  to 
heal  rapidly  but  there  were  no  evidences  of  any  fungus  attacking  or 
entering  such  wounds.  It  should  be  remembered  that  these  trees 
were  rdatively  old  and  the  healing  process  was  naturally  much 
slower  than  on  younger  trees.  Moreover  the  wounds  were  ot  con- 
siderable size  and  therefore  would  require  several  years  before  closing 
in  completely. 

Of  the  protective  coverings  used,  avenarius  carbolinemn  again 
caused  the  most  serious  injiuy.  Where  it  had  been  applied,  practi- 
cally no  new  bark  had  been  formed.  The  injury  to  the  entire 
wound  at  the  time  of  application  had  so  enlarged  the  surface  and  had 
so  weakened  the  surrounding  tissues  that  there  is  doubt  as  to  whether 
complete  healing  could  ever  occur.  Only  traces  of  a  new  callus 
showed  here  and  tiiere.  In  several  cases  a  considerable  strip  of  bark 
directly  beneath  the  wound  was  killed.  The  untreated  wounds 
on  the  trees  where  carbolinaum  had  been  applied  were  all  making 
considerable  growth.  Wounds  upon  or  nearest  the  trunk,  especially 
those  carefully  made,  were  making  the  greatest  growth.  All  of 
the  unhealed  surfaces,  however,  showed  a  cracking  and  checking 
due  to  drying  out  but  upon  none  was  there  any  indication  of  the 
entrance  of  a  fungus. 

All  of  the  other  materials  heretofore  mentioned  caused  greats 
or  less  injury.  Yellow  ochre,  while  not  as  injurious  as  carbolineum, 
caused  considerable  injury.  Furthermore,  the  substance  adha^ 
poorly,  leaving  the  surface  of  the  wounds  dried  out,  thus  affording 
as  eai^  an  access  for  diseases  as  those  not  treated.  Lead  and  zinc 
adhered  well  but  caused  considerable  injury  although  the  wounds 
were  overcoming  this  set-back  and  closing  in.  The  unhealed  sur- 
faces at  this  time  were  fully  protected  by  a  good  coating  of  the 
paint.  The  coal  tar  was  considerably  absorbed  but  the  wound 
surfaces  were  in  good  condition  aside  from  the  injury  caused  by  the 
use  of  it.    Manifestly,  all  of  tiie  coverings  used  except  shellac  had 
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at  first  exerted  a  deleterious  influence  upon  the  formation  of  bark 
growth.  Only  two  of  the  preparations,  lead  and  zinc,  adhered  to 
the  surfaces  at  all  well.  The  others  besides  being  injurious  proved 
to  be  valueless  as  permanent  dressings  for  pruning  wounds.  Lead 
or  zinc,  notwithstanding  the  initial  injury  caused,  was  the  most 
valuable  of  all  the  materials  for  use  on  large  wounds. 

II.    DELAYED  TREATMENT  OF  PRUNING  WOUNDS  OF 

APPLE  TREES. 

Early  in  February,  1911,  a  number  of  dwarf  apple  trees  eight 
years  from  setting  were  pruned.  The  last  of  March,  after  the 
cut  wood  had  thoroughly  dried  out  and  the  surface  of  the  wood  had 
become  seasoned,  dressings  of  yellow  ochre,  white  lead  and  zinc, 
coal  tar  and  shellac,  were  applied.  Groups  of  six  trees  each  were 
treated  with  the  various  dressings,  two  wounds  on  each  tree  being 
protected  while  two  others  were  left  imtreated  to  serve  as  checks. 
None  of  the  wounds  exceeded  two  inches  in  diameter.  Thick 
coatings  of  the  materials  were  applied  yet  care  was  taken  that  the 
cut  surfaces  only  should  be  covered.  Observations  at  the  end  of 
the  growing  season  of  1911  revealed  a  certain  amount  of  new  bark 
formation  on  all  of  the  wounds.  This  new  growth  was  greatest 
upon  those  treated  with  shellac  and  upon  the  check  wounds. 
No  difference  was  noticed  in  the  amounts  of  new  bark  formed  on 
the  wounds  of  these  two  classes.  Possibly  the  shellac  had  stimulated 
healing  —  certainly  it  had  not  been  a  retarding  factor  —  but  the 
differences  in  growth  were  so  slight  as  to  be  negligible.  Less  growth 
was  made  on  the  wounds  treated  with  the  other  materials.  Many 
of  the  wounds  had  been  enlarged  at  the  base  and  but  little  new  growth 
was  made  at  this  point.  Those  upon  which  ochre  had  been  applied 
appeared  to  have  suffered  the  most  serious  injury. 

At  the  end  of  the  next  season,  1912,  just  before  the  trees  were 
discarded,  a  final  examination  showed  that  many  of  the  woimds 
were  nearly  closed  in.  The  untreated  wounds  and  those  upon  which 
shellac  had  been  applied  exhibited  the  greatest  growth.  Most  of 
the  shellac  had  crumbled  away  which  resulted  in  the  drying  out  of 
the  unhealed  surfaces.  The  injurious  effects  caused  by  the  applica- 
tion of  the  other  materials  were  overcome  to  a  large  extent  by  the 
formation  of  new  bark,  yet  the  healing  on  all  of  these  was  less  advanced 
17 
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than  on  those  which  had  received  no  treatment.  Both  the  yellow 
ochre  and  coal  tar  were  considerably  impaired  by  weath^  con- 
ditions.   The  lead  and  zinc,  however,  remained  intact. 

It  is  a  common  supposition  that  dry  wounds  hold  protective 
preparations  more  effectively  than  those  freshly  pruned  but  this 
fact  was  not  substantiated.  No  differences  could  be  found  regard- 
ing the  adhesive  properties  of  the  dressings  whether  applied  to 
dry  wounds  or  to  those  freshly  cut.  Nor  did  there  appear  to  be 
any  difference  in  the  degree  of  injury  or  in  the  amount  of  new  growth 
formed,  between  the  wounds  treated  at  once  and  those  which  were 
first  allowed  to  dry  out.  There  was  no  indication  of  fungus  diseases 
attacking  either  the  wounds  treated  or  those  left  imtreated.  To 
be  sure,  all  of  the  wounds  were  small  and  the  length  of  time  required 
for  healing  would  be  relatively  short  thereby  lessening  the  chance  of 
fungus  attacks. 

In  this  experiment  it  was  plainly  to  be  observed  that  the  wounds 
upon  the  tnmk  and  lower  branches  closed  in  more  rapidly  than 
those  farther  removed.  Likewise  the  closer  the  wound  was  made 
to  the  axis  of  the  stem,  the  more  readily  it  healed.  This  was  true 
in  a  lesser  degree  for  the  treated  wounds  than  for  those  left  bare. 

Yellow  ochre  again  proved  to  be  the  most  injurious  material  used, 
with  lead,  zinc  and  coal  tar  closely  following.  It  must  not  be 
thought  that  there  was  any  vast  difference  in  the  emoimt  of  injury 
caused  by  these  various  substances.  Such  differences  were  slight  — 
in  fact  often  hardly  to  be  estimated. 

III.    IMMEDIATE  TREATMENT  OF  SPRING-PRUNING 

WOUNDS  OF  APPLE  TREES. 

The  last  of  April,  1911,  groups  of  five  to  eight  dwarf  apple  trees 
each  with  from  two  to  three  wounds  not  exceeding  two  inches  in 
diameter  were  treated  with  the  same  substances  as  in  the  last 
experiment.  These  dressings  were  applied  immediately  after  the 
pruning,  before  the  wounds  were  allowed  to  become  dry.  Other 
woimds  upon  each  tree  were  left  untreated  to  serve  as  checks.  The 
effect  of  the  treatment  at  this  season  of  the  year  seemed  to  be  not 
unlike  that  of  similar  dressings  applied  when  tree  growth  was  dor- 
mant. At  the  end  of  the  growing  season,  1911,  all  of  the  woimds 
showed  some  new  callus  growth.    Nevertheless,  all  of  the  materials, 
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except  shellac,  caused  the  same  injuries  noted  ux  the  other  experi- 
ments. Most  of  the  wounds  had  been  enlarged  and  new  bark  had 
but  slowly  started.  The  untreated  wounds  presented  more  new 
growth  than  any  of  the  others.  Those  treated  with  shellac  were 
next  in  this  respect.  This  material  still  remained  intact  over  the 
wound  surfaces. 

The  results  noted  at  the  end  of  the  second  year  following  the 
pruning  were  very  similar  to  those  obtained  in  previous  trials. 
They  can  be  summed  up  by  saying  that  the  untreated  wounds 
presented  the  greatest  amount  of  new  growth,  although  closely 
followed  by  those  upon  which  shellac  had  been  applied.  Yellow 
ochre  had  caused  more  injury  to  the  tissues  than  the  other  materials, 
yet  each  of  these  in  turn  had  produced  some  injury.  No  differences 
were  noted  between  the  adhesive  qualities  of  the  dressings  applied 
in  late  spring  and  those  used  during  the  dormant  season,  nor  were 
there  differences  in  the  relative  amounts  of  new  growth  formed. 
Not  in  a  single  instance  was  there  any  indication  of  disease.  As  a 
whole  the  final  outcome  of  this  experiment  was  so  nearly  like  that 
of  the  one  last  mentioned  that  further  elaboration  is  imnecessary. 


IV.     IMMEDIATE  TREATMENT  OF  WINTER-PRUNING 

WOUNDS  OF  PEACH  TREES. 

The  first  of  March,  1912,  a  number  of  varieties  of  standard  peach 
trees,  five  years  from  planting,  were  treated  with  materials  identical 
with  those  used  in  the  last  two  experiments,  namely,  yellow  ochre, 
white  lead,  white  zinc,  shellac  and  coal  tar.  Groups  of  five  trees, 
each  with  from  three  to  four  wounds,  were  treated  with  the  various 
substances.  Ten  adjoining  trees  in  the  same  orchard  were  also 
pruned  and  the  wounds  left  imtreated  to  serve  as  checks.  None 
of  the  wounds  made  exceeded  one  and  one-half  inches  in  diameter 
and  most  of  them  were  somewhat  smaller.  All  of  the  trees  were 
vigorous  and  thrifty  and  making  a  strong  growth. 

Observations  showed,  as  the  summer  of  1912  advanced,  that  all 
of  the  materials  except  shellac  were  causing  considerable  injury. 
But  little  new  callus  was  being  made  and  a  thick  deposit  of  gum  was 
becoming  apparent  over  all  of  the  wounds.  This  was  less  noticeable 
upon  those  wounds  treated  with  shellac  and  rarely  apparent  on  the 
untreated  woxmds.    Such  a  result  would  clearly  be  indicative  of 
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severe  injury  to  the  cambium  tissues  due  to  the  penetration  of  the 
various  preparations.  After  the  dormant  period  of  the  trees  was 
reached,  similar  conditions  existed  —  possibly  more  pronounced. 
Scarcely  any  new  bark  was  observed  on  the  treated  wounds  except 
on  those  covered  with  shellac,  yet  here  there  seemed  to  be  increased 
gumming.  The  wounds  protected  by  shellac  had  for  the  most  part 
made  considerable  new  growth  but  not  as  much  as  had  those  left 
untreated.  The  unhealed  surfaces  of  these  wounds  were  con- 
siderably seasoned  yet  they  remained  clear  and  free  from  any  disease. 

At  the  end  of  the  following  year,  1913,  the  untreated  wounds 
and  most  of  those  upon  which  shellac  had  been  applied  had  healed 
well.  The  majority  of  the  untreated  wounds  were  practically  entirely 
closed  in,  especially  those  located  upon  the  trunks  and  lower  branches. 
A  few  still  remained  partially  healed  but  none  of  these  showed  any 
indications  of  fungi.  As  a  whole,  however,  these  wounds  and  those 
treated  with  shellac  showed  very  satisfactory  results.  An  entirely 
different  outcome  was  evident  with  the  trees  the  wounds  of  which 
had  been  treated  with  ochre,  lead,  zinc  and  coal  tar.  Large  amounts 
of  gum  covered  nearly  every  wound.  Little  or  no  growth  had 
taken  place.  The  wounds  had  been  enlarged  and  in  a  few  instances 
there  was  doubt  as  to  their  ultimate  ability  to  heal.  All  of  the 
substances  applied,  excepting  shdlac,  appeared  to  have  equally 
injurious  effects. 

The  inability  of  the  peach  trees  to  withstand  and  overcome  such 
serious  injury  to  their  growing  tissues  as  was  caused  by  the  several 
dressings  was  very  evident.  The  increased  gumming,  a  common 
occurrence  on  the  wounds  of  this  species  of  trees,  was  a  manifesta- 
tion of  this  injmy.  Inasmuch  as  the  pruning  woimds  of  peach 
trees,  like  those  of  all  trees  of  this  class,  are  relatively  small  and 
readily  healed,  the  time  spent  in  applying  protective  coverings  is 
worse  than  wasted  as  it  often  results  in  injury. 

CONCLUSIONS. 

When  one  comes  to  deal  with  practices  going  back  several  hundred 
years,  as  does  the  covering  of  pruning  wounds  with  protective 
dressings,  care  must  be  exercised  in  drawing  conclusions.  But  from 
the  results  of  this  experiment  several  deductions  seem  quite  war- 
ranted.   First,  the  dressings  conunonly  applied  to  pruning  wounds 
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retard  rath^  than  accderate  the  healmg  of  the  wounds.  Second, 
the  effects  are  the  same  whether  the  dressings  are  applied  when 
the  wounds  are  made  or  some  weeks  later  when  the  cut  surface  has 
dried  out.  Third,  the  effects  of  the  dressings  used  are  so  injurious 
to  peach  wood  that  wounds  on  peach  trees  should  never  be  covered. 
Probably  this  statement  holds  true  for  other  stone  fruits  as  well. 
Fourth,  these  experiments  suggest  that  the  popular  notion  that 
wounds  need  to  be  covered  with  some  dressing  to  prevent  the  entrance 
of  fungi,  in  sprayed  orchards  at  least,  is  usually  exaggerated.  It  is 
doubtful  if  it  is  necessary  to  attempt  to  prevent  decay  by  appli- 
cations of  dressings  of  the  kinds  under  discussion  in  wounds  xmder 
four  or  five  inches  in  diameter.  It  remains  to  be  proved  whether 
they  have  any  real  value  in  covering  large  wounds.  It  may  be 
suspected  that  the  injury  caused  by  the  dressings  when  applied  to 
the  wounds,  largely,  if  not  wholly,  offsets,  or  even  overbalances, 
the  protection  offered,  if  there  be  such,  against  decay. 


DWARF  APPLEa^ 

U.  p.  HEDRICK. 

SUMMARY. 

At  the  request  of  the  horticultural  societies  of  the  State  tins 
Station  undertook  a  conqmratiye  test  of  dwarf  and  standard  apple 
trees.  This  bulletin  is  a  final  report  of  the  test,  which  was  carried 
on  for  ten  years. 

For  the  standard  trees,  Ftench  Crab  stocks  were  used.  For  tiie 
dwarfs,  Doucin  and  French  Paradise  stock. 

Sites  for  the  tests  were  selected  with  reference  to  climate  and 
soU  in  three  widely  separated  parts  of  the  State  as  follows :  Kinder- 
hook,  Columbia  County,  in  the  Hudson  Valley;  Fayetteville,  Onon- 
daga County,  in  central  New  York;  and  Carltcm,  Orleans  Coun^, 
on  the  shores  of  Lake  Ontario,  in  western  New  York. 

The  general  plan  of  the  test  was  to  grow  a  permanent  orchard 
of  standard  trees  with  fillers  on  Doucin  stock  and  between  these 
trees  on  Paradise  stock.  The  orchards  were  set  with  27  varieties 
represented  by  1193  trees;  114  were  on  French  Crab,  424  on  Doucin 
and  655  on  Paradise  stocks. 

The  care  taken  of  the  orchards  was  that  commonly  given  commer- 
cial orchards  in  New  York  except  in  the  matter  of  pruning.  Sum- 
mer pruning  is  part  of  the  recognized  yearly  treatment  of  dwarf 
trees.  In  this  ten  .years'  test  no  satisfactory  time  nor  method 
could  be  found  to  prune  these  trees  v^ch  did  not  promote  a  weak, 
sickly  growth.    This  invariably  died  back  the  next  winter. 

The  results  show : 

ist —  That  the  union  between  stock  and  don  is  poorw  witti 
Doucin  and  French  Paradise  stocks  than  with  the  French  Crab  and 
that  varieties  unite  less  well  on  French  Paradise  than  on  Doucin 
stocks. 

2nd. —  Doucin  and  French  Paradise  stocks  are  less  hardy  than 
French  Crab,  and  of  the  two  dwarfs  Ftench  Paradise  is  mudi  less 
hardy. 

•  A  reprint  of  BuUetin  No.  406,  May,  1916. 
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3fd. — The  greatest  weakness  of  the  dwarfing  stock  for  New 
Toik  is  the  stuf  ace-rooting  habit,  in  which  character  the  two  stocks 
cannot  be  distinguished.  Evil  results  following  surface-rooting  are 
winter-killingy  uprooting  of  trees  by  wind,  suckering  and  injury  in 
cidtcvatioiL 

4tiu — Suckers  from  both  dwarfing  stocks  proved  much  more 
troublesome  than  with  the  standard  trees. 

Sth. —  The  trees  on  the  tliree  stocks  attain  the  size  commonly 
ascribed  to  them;  those  on  French  Crab  are  full  sized;  on  Doucin» 
half  dwarf;  on  French  Paradise,  true  dwarfs.  In  this  test  the 
dwarfing  effect  of  the  dwarf  stock  was  not  as  marked  as  is  commonly 
reputed.  We  conclude  that  distances  apart  commonly  recom- 
mended for  dwarf  trees  bring  them  much  too  close;  in  New  Tork 
Doucins  should  be  set  half  and  the  true  dwarfs  one-third  as  far  apart 
as  standard  trees.  If  the  don  is  permitted  to  strike  root,  greater 
distances  must  be  allowed. 

6tfa. —  Trees  on  French  Para«fise  come  in  bearing  soonest,  Doucin 
next  and  French  Crab  last.  The  differences  in  time  of  bearing 
would  not  be  very  material  in  commercial  orchards. 

7th. —  The  test  has  not  been  such  that  a  safe  conclusion  can  be 
drawn  as  to  wiiich  stock  makes  the  most  productive  orchard. 

8th. —  There  were  no  marked  differences  in  size,  color  and  qual- 
ity of  the  apples  on  the  three  stocks. 

gth. —  The  advantages  of  dwarf  trees  appeal  to  amateur  rather 
than  professional  apple  growers.  Thus,  the  trees  take  less  space 
and  therefore  permit  a  greater  variety  in  orchard  or  garden  and 
they  are  handsomer  ornamentals. 

INTRODUCTION. 

Especial  interest  in  dwarf  apples  at  the  New  York  Agricultural 
Experiment  Station  began  in  1901,  when  the  State  Fruit  Growers' 
Association,  The  Elastem  New  York  Horticultural  Society,  and  the 
Western  New  York  Horticultural  Society  appointed  committees 
to  confer  with  the  authorities  at  the  Station  for  the  purpose  of  lo- 
cating experimental  orchards  of  dwarf  apples.  At  this  time  the 
country  was  in  one  of  the  periodic  revivals  of  interest  in  dwarf  fruits 
which  have  several  times  held  sway  in  eastern  America.  Nursery- 
men, the  horticultural  press  and  a  number  of  prominent  fruit  growers 
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were  recommending  the  planting  of  dwarf  trees.  But  there  was  a 
well-defined  motive  behind  the  movement  which  led  the  horticul- 
tural societies  of  New  York  and  this  Station  to  cooperate  in  the 
planting  of  dwarf  apples. 

San  Jos^  scale  had  come  into  the  State  and  was  rapidly  spread- 
ing. It  was  known  that  it  could  not  be  exterminated  and  it  Vas 
feared  that  it  could  not  be  controlled.  It  was  thought  at  that  time 
that  the  scale  could  be  best  controlled  by  fumigating  the  trees  under 
tents  and  it  was  believed  that  full  grown  standard  trees  could  not 
be  thoroughly  sprayed.  Since  it  was  certain  that  dwarf  trees  could 
be  easily  fumigated  and  thoroughly  sprayed,  fruit  growers  asked 
for  an  experiment  to  determine  whether  dwarf  apples  could  be  grown 
profitably  in  commercial  orchards.  Had  it  not  been  for  this  appre- 
hension of  grievous  disaster  from  San  Jos4  scale,  it  is  doubtful  if 
the  fruit  growers  would  have  called  for  the  investigation,  or  the 
Station  have  voluntarily  undertaken  it. 

While  dwarf  trees  are  by  no  means  novelties  in  American  fruit 
culture,  yet  there  is  a  surprisingly  large  number  of  fruit  growers 
who  have  misconceptions  about  them.  What  are  dwarf  trees? 
How  is  the  dwarfing  brought  about?  These  questions  must  be 
answered  before  we  can  proceed  to  a  rational  discuaaion  of  the 
experiment  in  hand. 

DWARF  TREES. 

Dwarf  trees  are  plants  which  by  various  means  are  made  to  grow 
smaller  than  normal  specimens  of  the  same  species  or  variety.  In 
this  instance  the  word  **  dwarf  "  does  not  carry  with  it  an  implica- 
tion of  unhealthiness  or  of  weakened  vitality.  Animals  and  plants 
are  so  often  dwarfed  through  disease  or  through  lack  of  vitality 
that  we  associate  the  word  with  lack  of  health;  but  a  dwarf  tree 
may  be  as  healthy  and  may  have  as  much  vitality  as  a  normal  tree, 
so  that  "  diminutive  trees,"  and  "  miniature  trees,"  are  rather  more 
applicable  than  "  dwarf  trees  ". 

Fruit  trees  are  dwarfed  in  several  wajrs;  as,  by  growing  on  stocks 
which  dwarf  the  top,  by  restricting  the  root-run  and  by  pruning 
to  check  or  suppress  the  top.  Horticulturally  speaking,  particularly 
as  the  term  is  applied  to  fruit  trees,  in  America  at  least,  dwarf  trees 
are  those  which  are  grown  on  dwarfing  stocks.  Here,  it  may  be 
remarked  that  tree-like  forms  usually  succeed  very  well  on  bushes 
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or  gmaller  growing  plants  of  the  same  species  or,  often,  of  closely 
related  species.  The  cases  are  few,  however,  where  varieties  or 
species  of  small  stature  and  port  can  be  profitably  grafted  on  plants 
of  larger  size.  Unfortunately,  there  are  no  known  relationships  of 
plants  which  serve  as  accurate  guides  in  the  matter  of  grafting. 
The  affinities  of  stocks  and  cions  are  determined  only  by  trial, 
and  so  far  there  is  a  sad  lack  of  systematically  arranged  experiments 
in  this  field  of  horticulture. 

When  dwarfing  is  produced  by  grafting  on  another  stock,  the  tree 
takes  on  the  size,  and  to  some  extent  the  habit,  of  the  plant  upon 
which  it  is  grafted.  Thus,  the  pear  on  quince  takes  the  size  of  the 
quince  tree;  an  apple  on  the  bush-like  Paradise,  the  size  of  this  mini- 
ature apple  tree;  on  the  half-dwarf  Doucin,  an  apple  variety  of  nor- 
mal size  takes  the  form  and  habit  of  the  Doucin.  In  none  of  these  cases, 
as  we  have  indicated  before,  is  there  a  lessening  of  health  or  vigor. 

Just  how  large-growing  plants  are  dwarfed  by  grafting  them  on 
small-growing  ones,  is,  as  yet,  not  well  determined.  Undoubtedly, 
the  lessened  supply  of  food  and  moisture  provided  for  the  top  of  the 
tree  by  the  smaller  root-system  of  the  dwarfing  stock  is  one  cause 
of  dwarfing.  This  cause  is  suggested — indeed  is  almost  estab- 
lished—  by  the  fact  that  in  a  hungry  or  thirst-parched  soil,  dwarfed 
trees  succumb  much  more  quickly  than  those  on  roots  of  normal  size 
for  the  plant.  Probably  another  cause  of  dwarfing  is  the  barrier 
which  grafting  imposes  on  the  ascending  and  descending  currents  of 
plant  food.  True,  such  a  barrier  exists  in  all  grafting,  for  a  time  at 
least,  but  in  the  case  of  the  small  or  slow-growing  stock  the  barrier 
is  greater  and  more  permanent.  Assimilated  food  is  prevented  by 
this  barrier  from  descending  from  the  cion  into  the  stock.  This  is 
shown  by  the  enormous  swellings  just  above  the  graft-union  in  many 
dwarf  trees.  The  upper  figure  in  Plate  IV  shows  such  a  swelling  in 
the  case  of  a  normal-growing  variety  of  the  apple  grafted  on  Doucin^ 
a  dwarfing  stock. 

From  what  has  been  said  one  sees  at  once  that  in  an  experiment 
with  dwarf  fruit  trees  we  are  to  be  greatly  concerned  with  dwarfing 
stocks.  If  space  could  be  spared  it  would  be  profitable  to  discuss 
the  whole  subject  of  stocks  as  well  as  the  closely  related  one  of  the 
reciprocal  influence  of  stock  and  cion,  but  a  full  discussion  of  either 
subject  would  go  to  the  length  of  a  volume — as  interesting  as  long. 
We  cannot  here  attempt  more  than  to  discuss  stocks  for  apples. 
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STOCKS  FOR  APPLES. 

Nurserymen  in  Europe  and  America  list  and  describe  at  least  a 
dozen  and  perhaps  a  score  of  stocks  upon  which  apples  are  worked. 
The  more  one  studies  the  descriptions  of  these  forms  the  more 
sceptical  he  becomes,  however,  of  the  distinctness  of  several  of  them 
and  the  more  certain  he  is  that  with  present  knowledge  we  are  all 
at  sea  as  to  what  stocks  we  really  have  upon  which  to  work  apples. 
Until  we  have  somewhere  a  careful  test,  side  by  side,  of  all 
apple  stocks,  an  experiment  best  carried  on  in  the  Old  World,  we 
can  only  roughly  throw  apple  stocks  into  two  groups,  standard 
and  dwarfing  stocks,  in  each  of  which  are  several  more  or  less  distinct 
forms. 

Standard  stocks. —  What  we  in  America  call  standard  stocks,  in 
England  more  commonly  called  free  stocks,  known  also  in  both 
countries  as  Crab  and  French  Crab  stocks,  are  seedlings  of  the 
common  apple,  Pyrus  mains.  There  is  a  mistaken  notion  in  America 
that  these  stocks  come  from  seeds  of  Pyrus  baccata,  or  hybrids  of 
it,  which  constitute  our  crab  apples.  It  is  doubtful  if  true  crab 
seeds  are  often,  if  ever,  planted  for  standard  stocks.  In  Europe, 
crab  stocks  are  those  which  come  from  wild  apples,  or  trees  which 
are  escapes  from  cultivation;  while  stocks  grown  from  the  seeds  of 
cultivated  apples  are  called  Free  stocks.  In  America  we  make  no 
such  distinction.  In  fact  until  recent  years  all,  or  nearly  all,  stand- 
ard stocks  for  this  country  were  imported  from  France  and  Belgium 
under  the  name  "  French  Crab  "  with  the  implication,  too  often 
given  credence  by  nurserymen,  that  they  were  seedlings  of  true 
crabs. 

There  are,  then,  at  least  two  kinds  of  standard  stocks;  those 
grown  from  seeds  of  wild  apples  and  seedlings  of  cultivated  vari- 
eties. Were  choice  possible,  there  should  be  no  hesitation  on  the 
part  of  fruit  growers  to  take  seedlings  from  wild  trees.  It  is  diflScult, 
however,  to  obtain  seeds  from  wild  trees  and  most  of  the  apple 
stocks  now  used  by  nurserymen  come  from  seeds  taken  from  cider 
mills.  Since  all  cultivated  varieties  of  apples  and  crabs  may  go  to 
the  cider  mill,  the  resulting  seedlings  cannot  fail  to  be  variable, 
giving  good,  bad  and  indifferent  stocks.  It  is  not  strange  that 
wide  variations  are  to  be  found  in  individual  trees  of  every  variety 
of  the  apple,  due,  as  we  think,  to  stock  and  soil  and  not,  except 
in  rare  cases,  to  inherent  variation  in  varieties.    We  cannot  leave 
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this  subject  without  expressing  the  opinion  that  one  of  the  things 
most  to  be  desired  in  apple  growing  is  a  vigorous  standard  stock 
of  constant  habit.  Such  a  stock  will  probably  have  to  be  propagated 
from  cuttings  or  layers. 

The  ancients,  unquestionably,  and  fruit  growers  down  through 
the  Middle  Ages,  if  they  grafted  at  aU,  used  standard  stocks,  taking 
such  seedlings  as  circumstances  placed  at  their  disposal.  Probably 
until  comparatively  recent  times,  a  very  great  majority  of  fruiting 
apple  trees  were  on  their  own  roots  —  themselves  seedlings.  How- 
ever, a  study  of  Varo,  Cato,  Columella,  Vergil  and  Pliny,  sturdy 
Roman  farmers  and  writers  of  and  before  the  Christian  era,  shows 
that  the  art  of  grafting  was  well  known  to  them  and  was  practiced 
in  growing  apples  as  well  as  other  fruits.  Apple  seeds  were  probably 
planted  for  stocks,  then,  two  thousand  and  more  years  ago,  though 
the  nursery  practices  may  not  have  been  the  same. 

In  America  the  general  use  of  apple  stocks  did  not  begin  until 
the  Nineteenth  Century.  Colonists  from  the  Old  World  brought 
apple  seeds  and  not  trees.  Varieties  of  new  fruits  seem  scarcely 
to  be  mentioned  until  after  Revolutionary  times.  As  settlements 
spread  westward,  apple  seeds  were  planted  though,  if,  when  the 
seedlings  reached  fruiting  age,  the  product  was  not  desirable,  the 
trees  were  grafted  to  sorts  of  better  character.  One  or  two  nur- 
series existed  before  the  Revolutionary  war,  but  seedling  apple  trees 
to  be  kept  for  their  own  fruit  or  to  be  grafted  over  were  the  rule 
until  well  into  the  Nineteenth  Century. 

Dwarfing  stocks, —  Apples  are  dwarfed  by  grafting  or  budding 
them  on  small-growing  forms  of  the  cultivated  species  of  this  fruit. 
What  are  these  species?  Scarcely  any  two  botanists  who  have 
studied  the  apple  agree.  Possibly  the  best  authority  we  now  have 
is  C.  K.  Schneider,  a  German.  He  separates  apples  from  pears, 
as  do  many  modem  botanists,  putting  them  in  the  genus  Malus.^ 
In  this  genus  Schneider  puts  three  species,  Mdlus  syhestris  Miller, 
M.  pumUa  Miller  and  M.  bacccUa  Borkhausen,  which  contribute  to 
our  edible  apple  flora.  The  last  named,  distinguished  chiefly  by 
its  small  fruits  and  caducous  calyx,  counts  only  in  what  we  in 
America  know  as  Crab  apples.  To  the  two  former  and  their  hybrids 
belong  large-fruited,  edible  apples.  Of  the  two  species,  Mdlus 
fjumJa,  the  Pyrus  mdtus  of  Linnaeus,  is  far  the  more  important  in 

^Sohaadar^CE.    Handbuoh  der  Laubholskunde    1:714-725.    1006. 
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fruit  growing.  According  to  Schneider,  the  various  species  in  which 
botanists  have  put  the  several  dwarfing  stocks  are  all  identical  with 
Malu8  pumila.  Accepting  this  authority,  then,  we  must  look  upon 
dwarfing  stocks  as  diminutive  forms  of  the  species  from  which 
come  most  of  our  cultivated  apples. 

This  Station  is  in  a  region  of  many  nurseries,  many  of  them  long- 
established.  The  writer,  therefore,  has  exceptional  opportunities  to 
observe  the  seedlings  used  in  nursery  work.  Not  infrequently  apple 
seedlings  are  not  budded,  or  buds  fail.  Watching  these  hedge-rows 
of  seedling  apples,  or  much  more  often,  a  seedling  tree,  one  finds 
that  the  variation  in  the  size  of  the  plants  comii^  from  miscellaneous 
seeds  is  considerable.  Unquestionably,  careful  selection  of  the 
dwarfest  forms  of  these  seedling  trees  would  give  us  dwarfing  stocks 
similar  to  those  now  in  conunon  use.  Unquestionably,  too,  the 
dwarf,  or  unproductive,  or  scraggly-growing  trees  of  this  or  that 
variety  to  be  found  in  many  orchards  owe  these  qualities  to  the 
stock  and  not  the  cion. 

Though  dwarfing  stocks  have  been  used  for  centuries,  as  we  shall 
see,  no  one,  botanist  or  horticulturist,  has  put  well-made  de- 
scriptions of  them  on  record.  About  the  year  1875  a  collection  of 
stocks  for  apples  was  grown,  in  a  comparative  test,  at  Chiswick, 
England.  Eighteen  supposedly  distinct  sorts,  obtained  from  reliable 
sources,  were  compared.  Several  were  found  to  be  identical  so  that 
the  number  was  reduced  from  eighteen  to  eight  as  follows:  French 
Paradise,  English  Paradise,  English  Nonesuch,  English  Broad-leaved 
Paradise,  Doucin,  Dutch  Paradise,  Pommier  Franc,  and  Crab.  The 
last  two  are  free-growing,  or  standard,  stocks  so  that  we  are  now  con- 
cerned with  but  the  first  six.  From  European  books  we  have  compiled 
the  following  brief  notes  on  these  six  stocks  since  they  are  the  ones 
most  commonly  used  in  the  Old  World  in  dwarfing  apples  and  in- 
clude the  stocks  with  which  we  are  to  be  concerned  in  discussing  the 
work  of  this  experiment. 

French  Paradise. — ^This,  the  Pommier  de  Paradis  of  the  French, 
is  probably  the  dwarfest  of  the  several  stocks  and  has  the  reputation, 
ui^^rafted,  of  being  the  most  precocious  in  bearing  as  it  is  also  in 
season  of  blooming  and  fruiting.  Grown  to  maturity,  this  apple  is 
described  as  being  very  dwarf,  compact  in  habit,  productive  and 
bearing  very  good,  early  autumn,  dessert  apples,  golden-yellow 
in  color  with  a  reddish  blush»  and  of  a  brisk,  agreeable,  acid  flavor. 
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Independent  of  its  value  as  a  dwarfing  stock  it  is  said  to  be  a  useful 
orchard  or  garden  plant.  The  derivation  of  the  name  is  obvious — 
the  forbidden  fruit  of  which  Adam  and  Eve  ate. 

European  writers  maintain  that  French  Paradise  is  too  tender 
and  delicate  to  be  used  generally  in  orchard  work  and  that  its  place 
is  indoors  in  pots  or  for  special  situations  in  the  garden  as  trained 
plants.  The  root  system  of  this  stock  is  small,  fibrous,  very  close 
to  the  surface  and  takes  hold  of  the  soil  so  slightly  that  trees  sev- 
eral yeara  of  age  can  easily  be  pulled  by  hand  from  the  ground.  The 
stocks  may  be  propagated  from  cuttings  but  are  more  commonly 
grown  from  mound  layers.  In  some  quarters  trees  on  this  stock 
have  the  reputation  of  being  short-lived  and  of  producing  fruits 
that  run  small  as  the  trees  come  to  full  maturity.  Undoubtedly 
there  are  several  strains  of  French  Paradise  of  which  the  best  known 
are  the  Pigmy  and  Miniature  stocks  of  Rivers.  Some  believe  that 
French  Paradise  is  the  Dwarf  Apple  of  Armenia. 

Probably  French  Paradise  is  the  oldest  of  dwarfing  stocks  for  the 
apple.  According  to  Koch,  Die  Deidschen  Obstgeholze,  1876,  French 
Paradise  was  known  in  France  at  the  beginning  of  the  Fifteenth 
Century  at  which  time  an  account  of  it  appeared  in  De  Naiura 
Stirpium  by  Jean  de  Ruelle.  This  stock  was  not  in  use  in  America 
until  about  the  middle  of  the  Nineteenth  Century,  when  a  plantation 
of  dwarf  trees  was  made  by  Ellwanger  &  Bany  of  Rochester,  New 
York. 

English  Paradise. — ^This  stock  is  often  confused  with  the  French 
Paradise  from  which  it  differs  widely,  being  more  vigorous,  not  so 
dwarf,  and  in  having  more  woody  and  fewer  fibrous  roots.  It  is 
said  to  thrive  on  comparatively  poor  soils,  whereas  French  Paradise 
must  have  a  fairly  fertile  root-run.  I  can  find  no  record  of  the  origin 
of  this  stock.  There  is  much  to  lead  one  to  think  that  it  is  either 
a  strain  of,  or  is  identical  with,  Doucin.  As  grown  on  the  grounds 
of  this  Station  it  appears  to  be  identical.  It  is  not  much  used  in 
America  as  a  dwarfing  stock. 

English  Broad4eaved  Paradise. — ^This  half-dwarf  stock  is  hardly 
to  be  distinguished  from  the  older  and  better-known  Doucin  but  has 
a  distinct  origin  having  been  raised  from  seed  of  the  Nonesuch  apple 
by  Thomas  Rivers,  the  noted  En^sh  nurseryman,  about  1820.  It 
is  a  more  vigorous  stock  than  the  English  Nonesuch  raised  at  the  same 
time  and  from  similar  seed  by  Mr.  Rivers.    Occasionally  one  hears 
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of  this  stock  in  America  but  here,  as  elsewhere,  it  seems  to  have  been 
more  or  less  confused  with  Doucin. 

English  Nonesuch, — ^This  is  a  vigorous  dwarf  or  half-dwarf  stock 
raised  by  Thomas  Rivers  of  Sawbridgeworth,  England,  from  seed 
of  the  Nonesuch  apple  planted  in  1820.  It  is  the  dwarfest  of  the 
English  dwarfing  stocks  commonly  used.  According  to  Mr.  Rivers 
it  is  '^  as  dwarf  but  more  hardy  and  vigorous  than  the  French  Par- 
adise; it  produces  tufts  of  fibrous  roots  from  every  bud  below  ground, 
and  it  appears  to  be  quite  indifferent  as  to  whether  it  will  produce 
leaves  or  roots."  This  apple  tree  is  peculiar,  besides  its  dwarfn^s, 
in  having  very  downy  leaves  and  a  much-knotted  stem.  It  is  said 
to  stand  transplanting  particularly  well.  The  differences  between 
these  dwarf  seedlings  of  Nonesuch  and  the  parent  tree  suggest  that 
any  surface-rooting  seedling  is  more  or  less  dwarf,  a  fact  borne  out 
by  the  observations  of  many.  There  are  no  records  of  the  use  of 
this  stock  in  America. 

Doucin. — ^The  Doucin  is  a  French  stock  which  roots  and  grows 
much  more  freely  than  the  French  Paradise,  the  root-system  differing 
greatly  in  having  many  more  woody  roots  which  strike  downward  to 
a  greater  depth.  Many  growers  claim  that  there  is  Uttle  or  no  differ- 
ence between  this  and  the  strong-growing  Broad-leaved  English 
Paradise — at  least  as  nurserymen  sell  the  two.  Some  say  that  Doucin 
can  be  distinguished  from  the  Broad-leaved  by  a  tap-root  which 
the  latter  lacks.  When  permitted  to  bear  fruit,  the  apples  of  Doucin 
are  a  greenish-yellow  with  a  decided  blush  and  are  sweet — the  flavor 
giving  the  name  from  the  French  "  douceur  " — sweetness. 

It  is  hard  to  say  how  long  the  Doucin  stock  has  been  used,  but 
at  least  it  was  well  known  in  France  and  England  in  the  middle 
of  the  Eighteenth  Century  for  Duhamel  du  Monceau  mentions  it 
in  his  TraiU  des  Arbres  Fruitiers,  1768;  as  does  Philip  MiDer  in  his 
0ardener*8  Dictionary,  1759.  This  is  the  chief  dwarfing  stock  used 
in  America,  at  least  in  name,  for  here  all  half-dwarfing  stocks,  as 
English  Paradise  and  Broad-leaved  Paradise,  go  as  Doucin. 

Dutch  Paradise. —  This  is  a  clean,  moderately  vigorous  stock 
somewhat  intermediate  between  the  dwarf  French  Paradise  and  the 
half-dwarf  English  stocks.  It  has  the  reputation  of  sending  out 
suckers  very  freely  —  suckering  so  freely  as  often  to  be  a  nuisance 
in  a  garden.  The  plant,  ungrafted,  is  low  and  scraggly,  its  habit 
having  given  it  the  name  "  Dutch  Creeper."    This  is  one  of  the 
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old  dwarfing  stocks,  Miller  mentioning  it  in  his  Gardener's  Dic- 
tionary in  1759  as  follows:  "  There  is  another  apple  which  is  called 
the  Dutch  Paradise  Apple,  much  cultivated  in  the  nurseries  for 
grafting  Apples  upon,  in  order  to  have  them  dwarfs;  and  these  will 
not  decay  or  canker  as  the  other,  nor  do  they  stint  the  grafts  near 
so  much,  so  are  generally  preferred  for  planting  Espaliers  or  Dwarfs, 
being  easily  kept  within  the  Compass  usually  aUoted  to  these  trees.'' 
It  seems  never  to  have  been  introduced  into  America. 

TTie  origin  of  dwarfing  stocks. —  These  few  notes  on  stocks  may 
give  some  fruit  growers  a  better  conception  of  what  the  several 
apple  stocks  are  —  their  origin,  introduction  and  uses.  In  particu* 
lar,  it  is  important  to  have  in  mind  that  they  are  but  surface- 
rooting,  dwarf  plants  of  the  common  apple.  We  must  get  away 
from  the  notion  that  they  come  from  distinct  species.  No  doubt 
there  are  many  true  dwarf  apples  among  the  wild  trees  that  are 
found  wherever  the  apple  has  been  cultivated  long.  No  doubt, 
too,  many  of  the  small  trees  in  standard  orchards  are  on  accidental 
dwaifing  stocks.  It  is  possible  that  the  common  apple  is  a  hybrid, 
in  some  of  its  varieties  at  least,  between  a  standard  tree  and  a  dwarf 
apple  and  that  these  miniature  plants  that  occasionally  appear  are 
dwarf  segregations.  The  fact  that  these  surface-rooting  dwarfs 
are  easQy  propagated  from  cuttings  and  layers  while  standards  are 
not,  further  indicates  the  distinctness  of  these  strains  even  though 
they  may  occasionally  come  from  the  seeds  of  some  variety  normal 
in  size  of  plant  and  manner  of  rooting.  This  brings  us  to  a  dis- 
cussion of  the  propagation  of  dwarfing  stocks. 

Propagation  of  dwarfing  stocks. —  Some  of  the  dwarfing  stocks 
sucker  so  freely,  as  the  Dutch  Paradise,  that  the  readiest  means  of 
propagation  is  to  detach  the  sucker  and  use  it  as  a  stock.  Some 
dwarfing  stocks  are  propagated  from  rootrCuttingB.  But,  unques- 
tionably, the  chief  method  of  propagation  is  by  mound-layering. 
Well-established  plants  are  made  to  stool  by  cutting  them  off  a  few 
inches  from  the  ground.  When  these  stools  have  made  sufficient 
growth,  usually  in  the  summer  of  the  second  season,  their  bases 
are  buried  in  a  mound  and  by  fall  a  rooted  plant  will  have  formed. 
These,  if  sufficiently  vigorous,  may  be  grafted  the  following  winter 
or  budded  the  next  summer.  The  small  stocks  in  a  stool  are  grown 
in  the  nursery  row  for  an  additional  year. 

Occasion  is  taken  to  say  that  it  would  be  a  great  boon  to  apple 
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culture  if  standard  trees  could  be  propagated  in  some  such  manner 
and  thus  avoid  the  great  variation  in  plants  which  we  must  always 
have  in  stocks  grown  from  seed. 

DISCUSSION  OF  THE  EXPERIMENTS. 

sites  and  soils. 

Three  sites  were  chosen  for  experiments:  One  at  Einderhook, 
Columbia  County,  in  the  Hudson  Valley,  on  the  farm  of  Edward 
Van  Alstyne;  another  at  Fayetteville,  Onondaga  County,  on  the  farm 
of  F.  E.  Dawley,  and  the  third  at  Carlton,  Orleans  County,  on  the 
farm  of  Albert  Wood  &  Son.  The  distribution  of  orchards  in  eastern, 
central  and  western  New  York  gives  quite  distinct  climatic  and  soil 
conditions  for  the  three  orchards.  Topography  and  soil  must  now 
be  described  somewhat  in  detail. 

The  Van  Alstyne  orchard. —  The  village  of  Kinderhook,  near 
which  this  orchard  is  located,  is  in  the  northeastern  part  of  Columbia 
County,  two  or  three  miles  east  of  the  Hudson  River.  The  orchard 
is  about  a  mile  south  and  east  of  the  village  on  a  level  plateau  about 
100  feet  above  the  Hudson  which  at  this  place  is  but  a  few  feet  higher 
than  sea  level.  The  land  is  sufficiently  high  and  rolling  to  give  good 
air  drainage. 

The  soil  is  a  sandy  loam,  rather  deep,  with  a  porous  subsoil  d 
the  same  sandy  loam,  considerably  heavier  but  of  such  physical 
make  up  as  to  give  very  good  natural  draini^.  A  chemical  analysis 
of  this  t3rpe  of  soil  from  an  adjoining  field  shows  it  to  be  d^cient  in 
organic  matter,  nitrogen  and  lime,  but  amply  supplied,  for  fruit 
crops,  at  least,  with  phosphorus  and  potassium.  The  land,  thou^ 
of  but  moderate  productiveness  for  farm  crops,  is  well  adapted  for 
apple  culture,  a  fact  at  once  patent  to  the  passerby  from  the  behavior 
of  several  neighboring  orchards  in  approximately  the  same  soil. 
Orcharding  is  the  leading  industry  in  the  neighborhood. 

The  climate  is  ideal  for  the  apple,  falling  short,  if  at  all,  only 
in  the  rainfall  which  is  not  always  sufficient  to  supply  the  moisture 
needed  by  this  fruit  in  the  growing  season  in  a  soil  not  especially 
well  adapted  for  the  conservation  of  moisture.  The  apple,  here, 
seldom  or  never  suffers  from  wint^  temperatures;  but  pcAch  wood 
is  often  killed  back  and  the  pear  is  occasionally  injured  by  cold. 

The  Dawley  orchard, —  Fayetteville,  the  seat  of  the  Dawley  or- 
chard, is  east  and  a  little  south  of  Syracuse  in  the  eastern  part  of 
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Onondaga  County.  The  Dawley  farm  is  rolling  land  on  one  of  the 
high,  level  parts  of  which  the  dwarf  orchard  is  planted,  the  lay  of 
the  land  being  such  that  the  air  drainage  is  very  good  as  is,  also, 
the  water  drainage  in  the  somewhat  open,  stony  land. 

The  land  is  a  stony  loam  of  the  type  designated  by  the  United 
States  Department  of  Agriculture  as  Miami  stony  loam.  It  is  a 
brownish  soil  with  some  silt  and  some  sand  with  an  average  depth 
of  about  12  inches.  The  percentage  of  stone  and  gravel  is  large  — 
possibly  from  20  to  30  per  ct.  The  subsoil,  from  one  to  three  feet 
in  thickness,  is  a  clay  loam  or  clay,  more  or  less  stony,  and  rests  on 
limestone  or  shale.  The  soil  is  well  supplied  with  phosphorus, 
potassium  and  lime  but  is  somewhat  lacking  in  organic  matter. 
It  is  well  adapted  to  the  culture  of  general  farm  crops,  alfalfa  in 
particular,  and  apple  trees  thrive  in  it  very  well. 

The  winters  in  this  region  are  cold,  too  cold  for  successful  peach 
culture,  and  occasionally  apples  are  injured.  Of  more  importance 
is  the  raiafall  which  in  this  region  is  rather  greater  and  somewhat 
better  distributed  throughout  the  growing  season  than  in  either 
of  the  other  two  orchards.  Possibly,  too,  moisture  is  conserved 
better  in  the  soil  of  this  orchard  than  in  the  other  two.  At  any  rate, 
during  the  ten  years  the  Station  has  maintained  its  experimental 
plantations,  this  orchard  has  suffered  least  from  drouth. 

The  Wood  orchard. — ^The  Wood  orchard  is  between  two  and  three 
miles  from  the  southern  shore  of  Lake  Ontario  near  the  viUage  of 
Carlton  in  the  north-central  part  of  Orleans  County.  The  Wood 
farm  is  on  one  of  the  level  plains  a  half-hundred  or  more  feet  above 
Lake  Ontario  and  between  three  and  four  hundred  feet  above  sea 
level  The  farm,  though  level,  the  orchard  land  almost  dead  level, 
is  naturally  well  drained  and  winds  from  the  lake  keep  the  air  suffi- 
ciently on  the  move  to  give  good  air  drainage. 

The  soil  is  widely  different  from  that  of  the  other  two  orchards 
under  test.  It  belongs  to  the  Dunkirk  series  and  is  a  sandy,  silty 
loam,  dark  brown  or  grayish  in  color  and  a  foot  deep,  underlain  with 
a  yellowish,  heavy  silt  loam  from  two  to  three  feet  deep,  under 
which,  in  its  turn,  is  a  very  heavy  silt  loam.  This  land,  as  in  the 
case  of  the  other  two  orchards,  is  deficient  in  oi^anic  matter  but 
well  supphed  with  potassium  and  phosphorus.  Grain  crops  usually 
respond  to  lime  though  leguminous  cover-crops  grow  very  well  in  the 
dwarf  orchard  without  liming.    This  soil  is  especially  well  adapted 
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for  apples,  the  neighborhood,  and  more  particularly  the  Wood  farm, 
being  unsurpassed  in  the  State  for  crops  of  apples. 

The  climate  of  this  region  permits  the  culture  of  all  hardy  fruits. 
The  water  of  Lake  Ontario,  from  10  to  IS  degrees  warmer  in  winter 
and  cooler  in  summer  than  the  air,  gives  a  most  equable  climate. 
The  mean  annual  precipitation  is  about  35  inches  of  which  9  inches 
falls  during  the  growing  months  of  June,  July  and  August — too 
little  unless  high  cultivation  is  practiced  to  conserve  the  moisture. 

PLAN  OF  the  TESTB. 

These  tests  were  planned  in  1902  by  Professor  S.  A.  Beach,  then 
of  this  Station.  The  Wood  orchard  was  set  in  the  autumn  of  1903, 
the  Dawley  and  Van  Alstjrne  orchards  in  the  autumn  of  1904.  The 
following  year,  1905,  the  present  writer  took  charge  of  the  horti- 
cultural work  at  the  Geneva  Station.  This  test,  planned  by  Beach, 
has,  therefore,  been  carried  on  for  nine  of  the  ten  years  of  the  life 
of  the  experiment  by  the  author  of  this  bulletin. 

Briefly  stated,  the  general  plan  of  the  three  experiments  was 
to  grow  a  permanent  orchard  of  standard  trees  with  fillers  of  varieties 
on  Doucin  stock  and  between  these  fillers  on  Paradise  stock.  The 
distance  between  trees  in  the  Wood  orchard  is  fifteen  feet;  in  the  other 
two,  twelve  feet. 

The  Van  Alstyne  orchard  was  planted  to  306  trees  on  the  three 
stocks  as  follows:  Standard  trees,  27;  on  Doucin  stock,  153  trees;  on 
Paradise,  126.  These  were  distributed  among  the  following  varieties: 
Baldwin,  Boiken,  Holland  Pippin,  Hubbardston,  Jonathan,  Lady, 
Mcintosh,  R.  I.  Greening,  Rome,  Sutton,  Wealthy  and  Wagener. 

The  Dawley  orchard  was  planted  with  512  trees,  the  number  on 
each  stock  being:  Standard,  42;  Doucin,  161;  Paradise,  309.  The 
following  are  the  varieties:  Alexander,  Baldwin,  Boiken,  Esopus. 
Gravenstein,  Green  Sweet,  Grimes,  Hubbardston,  Jacob  Sweet, 
Jonathan,  Longfield,  Mcintosh,  Monmouth,  Northern  Spy,  Pumpkin 
Sweet,  R.  I.  Greening,  Rome,  Sutton,  Wagener,  Wealthy,  Wolf 
River,  Yellow  Transparent. 

In  the  Wood  orchard  there  were  originally  376  trees:  45  on  stand- 
ard, 110  on  Doucin  and  220  on  Paradise  stocks,  distributed  among 
the  varieties  Alexander,  Baldwin,  Ben  Davis,  Boiken,  Gravenstein, 
Holland  Winter,  Jonathan,  Lady,  Mcintosh,  Monmouth,  R.  I. 
Greening,  Rome,  Sutton,  Bismark,  Twenty  Ounce  and  Wealthy. 
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The  stocks,  with  a  very  few  exceptions,  were  purchased  from  Louis 
Leroy,  Angers,  France,  and  were  French  Crab  for  the  standards, 
Doucin  and  French  Paradise  for  the  dwarfs.  Later,  to  fill  vacan- 
cies, a  few  trees  worked  on  Doucin  and  English  Paradise  were  used 
from  a  purchase  of  these  stocks  made  from  Wm.  Fell,  Hexham, 
England.  The  trees  were  budded  on  the  Station  grounds  and  were 
set,  in  the  case  of  the  Wood  orchard,  at  one  year  from  the  bud  and 
m  the  other  two  orchards,  two  years  from  the  bud.  A  few  trees 
were  purchased  from  local  nurseries  to  fill  vacancies,  but  these  have 
all  been  discarded  in  studjdng  the  results. 

CARE  OF  THE  ORCHARDS. 

The  three  orchards  received  the  care  commonly  given  commer- 
cial orchards  in  New  York  except  in  particulars  to  be  mentioned. 

CvUioaJtion, —  The  trees  were  usually  given  clean  cultivation  until 
August  first,  or  thereabouts,  and  then  a  cover-crop  was  put  in  to 
turn  under  in  fall  or  spring  as  the  case  demanded.  For  most  part 
leguminous  cover  crops  were  sown,  but  the  condition  of  the  trees 
in  several  instances  indicated  a  non-leguminous  crop  and  in  one 
or  two  seasons  the  crop  failed  to  catch  or  could  not  be  planted. 
The  trees  were  sprayed  for  the  several  pests  common  to  the  apple 
as  required.  Full  details  of  care  in  cultivation  and  spraying  need 
not  be  discussed. 

CionrToots  and  mckera, —  Beginning  with  the  first  year  it  was 
found  necessary  to  go  over  the  orchards  each  spring  and  cut  such 
roots  as  sprung  from  the  cion  and  such  suckers  as  came  from  the 
stocks.  This  was  no  small  task,  the  first  operation  requiring  that 
more  or  less  earth  be  removed  and  replaced.  It  may  be  said  that 
the  trees  should  not  have  been  set  so  deep  as  to  make  this  necessary. 
Shallow  planting  was  tried  in  the  Dawley  and  Van  Alstyne  orchards 
but  with  disastrous  results  with  the  surface-rooting  Doucin  and 
Paradise  trees,  many  of  which  were  blown  over  with  even  moderate 
winds;  others  suffered  from  sun,  plow  and  cultivation.  It  was  found 
necessary  to  hill  up  these  shallow-rooted  trees  by  plowing  toward 
the  rows. 

Pruning. —  We  may  as  well  confess  that  the  pruning  of  these 
trees  has  been  most  unsatisfactory.  A  bad  start  was  made,  as  the 
trees,  for  most  part,  were  cut  to  whips  at  transplanting  time.  (See 
Plate  XL.)     No  doubt;  in  the  light  of  later  experience,  it  would  have 
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been  better  to  grow  the  trees  in  nursery  rows  a  year  longer  and 
then  make  the  start  toward  forming  the  heads.  The  trouble  in 
cutting  to  a  whip  at  transplanting  time  is  that  branches  fail  to 
break  forth  as  abundantly  as  they  do  in  the  nursery  row  unchecked 
by  transplanting. 

Summer  pruning,  supplementing  winter  pruning,  is  part  oi  the 
recognized  yearly  treatment  of  dwarf  trees.  The  more  it  is  desired 
to  restrict  the  growth,  the  greater  the  need  of  summer  pruning 
and  the  greater  the  amount  necessary.  There  is,  however,  much 
divergence  of  opinion  as  to  methods  in  summer  pruning.  Scarcely 
any  two  authorities  on  growing  dwarf  trees  agree  as  to  the  amount 
of  wood  to  be  taken  out  or  the  proper  time  to  do  the  work.  Some 
growers  use  the  knife  and  shears,  while  others  say  that  pinching 
back  with  finger  and  thumb  suffices.  All  agree  that  the  practice 
must  be  largely  regulated  by  season,  soil,  health  of  tree,  age  of  tree 
and  the  variety.  The  difficulties  in  the  way  of  laying  down  rules 
that  would  be  fair  in  this  comparative  test  of  twentynaix  varieties 
of  apples  on  three  stocks,  three  quite  distinct  soils  and  in  three 
somewhat  different  climates,  are  patent  to  any  one  who  has  tried 
to  prune  in  the  summer. 

The  winter  pruning  of  the  trees,  though  more  difficult  than  in 
training  standard  trees,  gave  comparatively  little  trouble.  It  con- 
sisted of  cutting  out  crossed  branches,  surplus  branches  and,  of 
course,  such  few  as  were  injured  or  diseased.  It  was  necessary  to 
head  back  the  wood  on  the  Paradise  and  Doucin  trees  more  severely, 
depending  upon  the  variety,  than  the  standards,  otherwise  the 
pruning  was  much  the  same  on  all.  (Plates  XLI  and  XLII  show  the 
method  of  pruning  in  the  winter.) 

For  the  first  two  seasons  but  Uttle  sunmier  pruning  was  attempted, 
the  trees  being  small  and  none  too  vigorous.  Then  began  a  series 
of  experiments,  no  one  of  which  proved  satisfactory,  the  details  of 
which  belong  to  a  separate  bulletin.  Suffice  to  say,  in  the  light  of 
ten  seasons'  work  with  dwarf  apples,  the  training  of  the  plants  is 
the  most  difficult  and  the  least  satisfactory  operation  in  growing  these 
trees.  Indeed,  it  is  hardly  too  much  to  say  that  if  dwarf  apples 
must  be  headed  back  or  pinched  in  during  the  growing  season,  it  is 
impossible  to  grow  them  in  the  trying  climate  of  New  York.  In  no 
one  of  the  attempts  at  summer  pruning  have  we  been  able  whoOy 
to  avoid  weak,  spindling  second  growths  which  would  not  mature 


Platb  XLI. —  Thee  on  Doucin  Stock  Before  and  Aitbb  Prunino. 


Pun  XLII.—  Trbb  on  Paradise  Sto<»  Bbfoiie  and  Afteb  Prvnins. 


XLIII. —  DEFEcra  or  Tbbbs  on  Dovcin  Stock; 
Uprait,  Protdber&kcb  Above  Uniom;  Lowbb, 

SUCSERIHO  H&BIT. 
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and  succumbed  to  the  cold  of  the  next  winter.  When  it  was  thought 
that  reasonable  success  in  time  and  maimer  of  summer  pruning 
had  been  attained  one  season,  sooner  or  later  identical  treatment 
proved  a  failure  because  of  some  decided  difference  in  weather 
when  the  work  was  repeated.  We  have  been  forced  to  conclude 
that  the  great  variations  in  temperature  and  moisture  in  the  summer 
and  the  cold  winters  in  New  York  almost  or  quite  debar  the  summer 
pruning  here  that  is  practiced  in  the  Old  World. 

Mishaps. —  The  three  orchards  have  had  the  usual  mishaps, 
expected  and  unexpected,  conmion  to  apple  culture.  A  few  trees  did 
not  start  growth,  several  were  girdled  by  mice,  a  loose  colt  de- 
stroyed one,  sheep  injured  several,  apple-blight  took  its  toll  and 
a  few  sickly,  unhappy  specimens  for  no  apparent  reason  refused  to 
thrive  and  were  pulled  out.  Yet  out  of  the  total  of  1118  trees  the 
percentage  of  loss  was  comparatively  small  from  the  causes  men- 
tioned, but  from  three  other  sources  of  trouble  the  number  of  missing 
or  replaced  trees  at  the  end  of  the  experiment  was  large,  quite  too 
great  for  profitable  orcharding.  A  surprisingly  large  number  of 
trees  were  winter-killed;  many  failed  to  make  a  good  union,  with 
death  or  failure  as  a  result;  and  the  surface  rooting  habit  of  the 
dwarf  trees  caused  an  unexpected  number  of  deaths  and  failures. 
These  three  troubles  must  later  be  discussed  in  detail. 

MEASURING  THE  RESULTS. 

It  would  seem  that  the  efforts  expended  and  the  money  spent  in 
this  ten-year  test  of  dwarf  and  standard  apples  should  give  decisive 
results.  But  the  conclusions  that  can  be  drawn  are  far  from  final. 
In  the  first  place  we  have  not  learned  in  the  test,  long  as  it  was,  how 
best  to  care  for  dwarfs,  especially  in  the  matter  of  slimmer  pruning 
and  in  preventing  the  disastrous  surface  rooting.  Then,  again, 
we  are  not  able  comprehensively  to  compare  yields  from  the  three 
stocks;  and  crops  of  fruit  are,  of  course,  the  ultimate  criteria.  Trees 
one  year  old  at  setting  and  ten  years  set  are  not  bearing  sufficiently 
well  to  gauge  productiveness,  especially  when  it  is  remembered  that 
varieties  on  the  three  stocks  begin  bearing  at  different  ages.  The 
many  mishaps,  too,  especially  the  winter-killing  the  first  two  years, 
help  to  prevent  decisive  results. 

The  men  who  own  the  trees,  those  who  have  carried  on  the  test 
and  the  many  apple  growers  in  the  State  who  have  annually  or 
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occasionally  visited  the  orchards,  all  agree  that  dwarf  apples  should 
not  be  planted  in  commercial  plantations.  This  conclusion  is 
forced  by  the  behavior  of  trees  in  general  rather  than  by  specific 
things  that  can  be  set  down  in  a  bulletin  in  exact  statements  and 
tables  of  figures.  From  the  nature  of  this  test  with  its  many  factors 
and  present  incompleteness,  reliance  will  have  to  be  placed  upon 
statements  of  opinions. 

The  union  of  stocks  and  cums, —  The  value  of  a  stock  is  greatly 
reduced  if  the  union  between  the  consorting  parts  of  the  tree  is  poor. 
There  is  no  question  but  that  varieties  unite  unequally  well  with 
different  stocks.  The  point  is  well  worth  establishing  as  to  which 
varieties  make  the  best  unions  with  the  three  distinct  stocks  used  in 
this  test;  but,  unfortunately,  the  data  are  not  conclusive  enough  to 
make  a  critical  analysis.  There  .were  not  enough  cases  in  which  one 
could  imhesitatingly  say  that  death  or  failure  was  wholly  due  to  a 
poor  union. 

The  following  figures,  however,  show  conclusively  with  which  stock 
apples,  irrespective  of  variety,  unite  best:  thirty-one  trees  on 
Paradise  are  reported  to  have  broken  off  at  the  union  during  the  ten 
years'  test;  four  on  Doucin;  none  on  French  Crab.  There  were, 
too,  a  considerable  number  of  trees  in  which  there  were  enlarge- 
ments above  the  union  as  shown  in  the  upper  half  of  Plate  XLIIL 
These,  however,  seem  to  affect  the  vigor  of  the  tree  Uttle  or  not  at  aU. 
There  were  no  enlargements  on  standard  trees  in  this  test  though 
they  may  occasionally  be  seen  in  orchards  of  standards.  The  number 
of  these  deformities  on  the  two  dwarfing  stocks  seems  to  be  about 
the  same  though  it  is  impossible  to  give  the  exact  number  since  one 
can  hardly  say  when  an  enlargement  at  the  union  becomes  abnormal. 
These  figures  seem  to  indicate  that  the  union  between  stock  and 
cion  is  poorest  on  the  Paradise,  next  so  on  Doucin  and  best  on  the 
standard. 

Winter-injury. —  It  is  impossible  to  discuss  hardiness  of  the  three 
stocks  comprehensively  in  this  Bulletin.  To  do  so  would  carry 
us  far  afield  since  the  three  orchards  have  quite  different  climatic 
conditions  and  there  are  twenty-seven  varieties  of  unequal  hardiness. 
The  following  figures,  grouped  for  the  three  orchards  and  roughly 
given,  seem  suflSciently  accurate  to  indicate  the  relative  hardiness  of 
the  three  stocks. 

Of  the  600  trees  on  French  Paradise,  57,  or  9.6  per  ct.,  are  marked 
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as  having  died  of  winter-injury;  of  the  404  Doucins,  18,  or  4.45 
per  ct.,  were  winter-killed;  on  the  French  Crab  but  3,  or  2.75  per  ct. 
succumbed  to  cold.  Of  course  one  can  seldom  be  quite  certain  as 
to  what  causes  the  death  of  trees  but  in  these  orchards  when  there 
was  reasonable  doubt  the  cause  of  death  was  put  down  as  "  unknown." 
The  figures  given,  are,  in  the  judgment  of  the  writer,  much  strength- 
ened by  the  facts  that  the  numbers  of  dead  trees  from  causes 
"  unknown  "  run  in  about  the  same  proportion  for  the  three  stocks 
and  that  some  of  the  dead  trees  had  suffered  from  previous  winter- 
injiny. 

That  the  dwarfing  stocks  are  less  hardy  than  the  French  Crab 
occasions  little  surprise  when  one  remembers  that  their  roots  are 
much  nearer  the  surface  of  the  ground.  The  French  Paradise  is 
reported  everywhere  in  Europe  to  be  tender  to  cold  and  it  is  to 
be  expected  that  it  would  be  less  hardy  in  the  trying  climate  of 
New  York  than  either  of  the  other  two  stocks.  Most  of  the  deaths 
from  winter-injury  occurred  in  the  Dawley  and  Van  Alstyne  orch- 
ards, where,  it  will  be  recalled  from  the  descriptions  given,  the  cold 
is  more  severe  than  in  the  Wood  plantation. 

Undoubtedly  the  injury  from  winter-killing  was  more  severe  the 
first  and  second  seasons  because  of  the  trees  having  been  planted  in 
the  autumn.  From  the  experience  with  fall  planting  in  these  three 
orchards,  it  may  be  laid  down  as  a  rule  that  dwarf  trees  should  not  be 
planted  in  the  autumn  in  a  climate  as  cold  as  that  of  New  York. 

Surface-rooting. —  Without  any  question  the  greatest  weakness 
of  dwarfing  stocks  for  New  York  orchard  conditions  is  the  surface- 
rooting  habit  of  both  Doucin  and  Paradise.  In  this  respect  the  two 
stocks  cannot  be  distinguished  —  the  roots  of  one  are  as  near  the 
surface  as  those  of  the  other.  Plate  XLIV  shows  the  rooting  habit  of 
the  three  stocks.  Several  evils  follow  surface-rooting.  We  have 
seen  in  a  previous  paragraph  that  the  dwarf  trees  suffered  most  from 
winter-injury  —  no  doubt  in  part  because  of  the  nearness  of  the 
roots  to  the  surface.  In  respect  to  3deld  of  fruit  and  size  of  tree, 
the  results  in  this  experiment  are  almost  worthless  because  of 
another  trouble  which  comes  from  the  roots  being  too  close  to  the 
surface  of  the  ground. 

About  ten  per  ct.  of  the  dwarf  trees  in  the  three  orchards,  sooner 
or  later,  either  blew  over  or  their  roots  were  so  exposed  that  the  trees 
had  to  be  reset  or  replaced.    Plate  XLV  shows  a  tree  on  Paradise 
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blown  over  the  last  year  of  the  experiment.  Such  trees  are  out  of 
the  experiment  so  far  as  tree-growth  and  yield  of  fruit  are  conoemed. 
Undoubtedly,  too,  some  of  the  trees  that  refused  to  thrive  did  so 
because  of  the  exposed  condition  of  their  roots.  In  a  damper 
climate,  in  sod  or  under  a  mulch  system,  surface  rooting  might  not 
prove  so  disastrous.  This  experiment  all  but  demonstrates  that 
dwarf  apples  can  not  be  successfully  grown  under  the  high  cultiva- 
tion methods  of  New  York.  It  may  be  asked  why  the  trees  were  not 
set  deeper.  The  answer  is  that  if  the  trees  be  set  sufficiently  deep 
so  that  the  cion  touches  ground  it  strikes  root  and  the  tree  ceases 
to  be  a  true  dwarf.  Many  trees  that  pass  for  dwarfs  are  not  dwarfs 
at  all.  They  were  set  on  dwarf  stocks  but  the  cion  has  taken  root 
and  the  tree  has  become  a  standard,  or,  more  correctly,  half 
standard  and  half  dwarf. 

The  several  dwarfing  stocks  are  surface-rooting  plants,  accord- 
ing to  all  accounts,  but  it  is  probable  that  this  fault  is  accentuated 
by  the  manner  of  propagation.  Plants  grown  from  cuttings  and  layers 
usually  fail  to  produce  the  tap-roots  and  the  deep-growing  root 
S3rstems  that  most  seedUngs  have;  This  is  a  matter  that  would  need 
consideration  in  any  attempt  to  grow  standard  stocks  from  cutting?  — 
a  method  with  many  advantages  in  eliminating  variabiUty  from 
orchard  trees. 

No  doubt,  too,  much  of  the  suckering  of  the  dwarfs  which  so 
vexed  the  souls  of  the  experimenters  came  from  root  wounds  made 
by  the  plow  or  cultivator.  This  brings  us  to  the  matter  of 
suckering. 

Suckering. —  Suckers  from  both  of  the  dwarjSng  stocks  proved 
more  or  less  troublesome.  It  would  be  hard  to  say  whether  Doucin 
or  Paradise  suckered  most,  but  the  weight  of  evidence  seems  to  be 
against  the  Doucin.  Both  stocks  are  readily  propagated  from  layers 
and  stolons,  either  roots  or  stems  striking  root  freely.  It  would, 
then,  be  expected  that  suckers  would  appear  more  freely  than  on 
standard  stocks  which  come  from  seed  and  can  be  grown  vegeta- 
tively  only  with  difficulty.  Presumably,  however,  there  would  have 
been  far  fewer  suckers  to  contend  with  in  these  orchards  under  a 
sod  or  a  mulch  system  of  cultivation,  for  certainly  the  unavoidable 
injury  to  the  shallow  roots  of  the  dwarf  trees  by  plow  and  culti- 
vator would  stimulate  the  formation  of  suckers.  The  lower  half  of 
Plate  XLIII  shows  the  suckering  habit  of  the  Doucin  stock. 
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TTie  size  of  the  trees, —  What  is  the  comparative  size  of  varieties 
on  the  three  stocks?  It  would  seem  that  by  giving  figures  of  height 
and  spread  of  tree  and  diameter  of  trunk  the  question  could  be 
easily  and  accurately  answered.  Not  so;  such  figures  are  distinctly 
misleading.  Could  the  reader  see  the  trees,  eye-sight  would  be 
much  better  than  figures  to  show  the  size  of  tree.  The  eye  sees 
a  distinct  difference  in  varieties  on  the  three  stocks  which  figures 
do  not  show,  for  the  reason  that  the  difference  is  in  habit  of  growth 
quite  as  much  or  more  than  in  size.  Thus,  the  Paradise  trees  are 
dwarf  because  of  a  very  short  trunk,  the  diameter  of  which  is  often 
nearly  that  of  a  Doucin  or  Standard;  the  shoots  of  Paradise  spring 
up  to  an  amazing  height  from  a  dwarf  frame-work  so  that  figures 
make  the  trees  seem  unduly  high.  So,  too,  the  slenderer  and  more 
straggling  growth  of  the  Doucin  trees  magnifies  the  height  and 
spread  of  trees  on  this  stock  if  figures  be  followed  closely.  The 
photograph  reproduced  in  Plate  XLVI  gives  a  much  better  idea  of 
the  size  and  habit  of  the  trees  than  would  figures.  It  shows  that 
a  tree  worked  on  Paradise  is  not  only  dwarfed  but  takes  on  the 
habit  of  growth  of  the  Paradise;  on  the  Doucin,  the  habit  of  Doucin; 
on  French  Crab,  the  habit  of  the  Crab.  It  shows,  too,  what  we 
have  been  taught,  that  true  dwarfs  grow  on  Paradise  and  half- 
dwarfs  on  Doucin. 

We  must,  however,  state  disappointment  in  the  dwarfing  effects 
of  the  two  stocks.  There  is  not  nearly  the  difference  in  size  that 
we  had  expected  between  trees  on  the  three  different  roots.  No 
doubt,  the  failure  to  find  a  workable  method  of  summer  pruning 
had  much  to  do  with  the  vigorous  growth  of  the  dwarfs.  It  is  certain 
that  man  must  aid  the  stock  very  materially  in  dwarfing  trees  by 
severe  pruning  and  training  in  both  winter  and  summer.  It  is 
to  be  feared,  despite  efforts  to  prevent  it,  that  some  of  our  trees 
took  root  from  the  cion  and  so  added  to  their  size. 

A  glance  at  the  photographs  shows  that  both  Paradise  and  Doucin 
trees  must  have  far  more  room  as  the  trees  grow  in  New  York  than 
is  commonly  recommended  for  them  by  either  European  or  American 
writers.  The  distances  recommended  for  Paradise  range  from  six 
to  twelve  feet  and  from  eight  to  sixteen  feet  for  Doucin.  From 
experience  with  the  trees  in  these  experiments,  but  more  particularly 
judging  from  an  orchard  of  trees  on  Paradise  and  Doucin  at  the 
Station,  much  older  than  the  trees  under  discussion,  we  should  say 
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that  in  cultivated  orchards,  apples  on  Paradise  should  be  planted 
from  fifteen  to  eighteen  feet  apart;  on  Doucin  twenty  to  twenty-five 
feet,  depending  upon  soil  and  variety.  This  means  that  in  this  State 
where  standards  are  set  from  forty  to  fifty  feet  apart,  Paradise  should 
be  set  one-third  and  Doucin  one-half  as  far  as  standards.  On  poorer 
soils,  in  sod  and  where  heavy  sununer  pruning  can  be  practiced, 
lesser  distances  may  suflSce. 

Fruit-bearing  on  the  three  stocks, —  The  measure  of  the  value  of 
a  stock  is,  of  course,  the  yield  of  fruit.  Hardly  less  important  in 
this  test,  at  any  rate,  is  the  time  the  varieties  came  into  bearing 
since  one  of  the  chief  virtues  of  dwarfing  stocks  is  to  bring  the  variety 
grafted  on  them  into  early  bearing.  Still  another  point  which 
the  fruit  grower  wants  settled  is  how  different  varieties  respond 
in  crop  bearing  on  the  three  stocks.  We  come  now  to  a  discussion 
of  these  questions. 

Yield  of  fruit. —  The  figures  showing  jdeld  of  fruit  are  not  of  much 
value.  The  crops  were  not  harvested  nor  the  amounts  of  fruit 
taken  by  men  from  the  Station.  Mistakes  and  omissions  have 
been  detected.  Even  had  there  been  no  mistakes,  figures  taken  at  this 
time  would  hardly  be  fair  as  to  the  amount  of  fruit  borne  on  the 
three  different  stocks;  for,  as  we  have  pointed  out,  the  orchards 
were  set  on  a  filler  plan  which  gives  more  than  twice  as  many  trees 
on  Paradise  as  on  Doucin  and  more  than  three  times  as  many  on 
Doucin  as  on  French  Crab.  Then,  too,  the  trees  have  suffered 
unequally  from  winter-killing,  shallow-rooting  and  other  troubles, 
as  has  been  shown.  The  figures  indicate,  then,  only  approximately 
what  commercial  orchards  on  the  three  stocks  will  bear  in  the  first 
ten  years  of  their  existence  —  trees  set  at  one  and  two  years  from 
the  bud.  Since  the  three  orchards  are  on  quite  different  soils  and 
grown  in  very  distinct  climates,  each  plantation  must  be  considered 
by  itself. 

The  Van  Alstyne  orchard  was  slow  in  coming  in  bearing,  none 
of  the  trees  yielding  fruit  until  1907,  the  third  year  from  setting, 
when  one  fruit  was  borne  on  a  standard  tree,  and  three  on  a  Doucin. 
In  1908  trees  on  all  three  stocks  bore,  but  on  no  stock  was  there  an 
average  of  an  apple  per  tree;  in  1909,  27  French  Crab  trees  bore 
28  apples;  135  Doucin,  246  fruits;  and  100  trees  on  Paradise  bore 
175  specimens.  In  1910  the  crop  was  a  failure  and  the  few  fruits 
were  not  counted.    The  first  yield  of  fruit  worth  taking  into  account, 
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then,  was  borne  in  1911,  trees  9  years  from  the  bud  and  7  from  setting. 
The  yields  per  tree  for  1911  and  the  three  remaining  years  of  the 
test  are  shown  in  Table  I. 

Tabub  I. —  YiziiDB  IN  Van  Ai^ttne  Dwabf  Apple  Obchabd. 


NmnlMr  of  troes. 


27.. 
135 
100 


Stock. 


Crab.... 

Doucin. 

Paradise 


YubijD  peb  Tbbb. 


1911. 


Lb9. 

13 
10 

7 


1912. 


Lb8. 
18 
211 
15 


1913. 


LbB. 
37i 
23 
14 


1914. 


Lba. 
79} 
79 
36 


The  Dawley  orchard  bore  its  first  fruit  in  1906  when  there  were 
83  apples  on  300  Paradise  trees,  23  on  157  Doucin  trees  and  none 
on  the  37  standards.  In  1907  the  Paradise  trees,  bore  96  apples  and 
the  Doucins  13,  standards  none.  In  1908  there  were  567  apples  on 
Paradise,  224  on  the  Doucin  and  7  on  the  standard  trees.  In  1909 
the  Paradise  trees  averaged  about  2  apples  to  the  tree,  the  Doucin 
4  and  the  standards  less  than  an  apple.  The  1910  crop  was  almost 
a  total  failure  and  it  was  not  until  1911  that  the  jdeld  could  be 
taken  in  pounds,  the  averages  per  tree  for  the  next  four  years 
numing  as  is  shown  in  Table  II. 

Table  II. —  Yieldb  in  Dawlet  Dwarf  Apple  Orchabd. 


Number  of  trees. 


37. 
167 
300 


Stock. 


Crab.... 
Doucin.. 
Paradise 


Yield  per  Tree. 

1911. 

1912. 

1913. 

Lb». 

Lbs. 

IM. 

3 

3 

0 

6i 

174 

2 

5i 

16 

1 

1914. 


Lbs. 


81 
51 
70 


In  the  Wood  orchard,  1  apple  was  borne  on  a  Boiken  on  Paradise 
the  first  year  set.    The  second  year,  1906,  the  trees  on  Paradise 
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bore  180  speciinens  on  192  trees,  the  Doucm  9  on  100  trees,  while 
none  of  the  42  trees  on  French  Crab  bore.  In  1907  the  Paradise 
trees  produced  an  average  of  a  little  over  4  apples  per  tree,  the 
Doucin  2  apples  per  tree,  while  the  42  French  Crabs  bore  26  fruits. 
In  1908  the  yield  came  up  to  14  apples  per  tree  on  Paradise,  4  apples 
for  each  tree  on  Doucin  and,  all  told,  17  apples  on  Crab.  The  yield 
in  1909  on  Paradise  was  30  apples  per  tree;  on  Doucin,  14  specimens; 
on  French  Crab  but  18  apples  for  the  42  trees.  As  in  the  other  two 
orchards  the  1910  crop  was  a  failure.  Table  III  shows  the  yields 
per  tree  for  the  three  remaining  years  of  the  test. 

Table  III. —  Yields  in  Wood  Dwabf  Apple  Orchabd. 


Number  of  trees. 

Stock. 

Yield  per  Tree. 

1911. 

* 

1912. 

1913. 

42 

Crab 

Lbs. 

4i 
27 
27 

Lbs. 
13 
14* 

18* 

Lbs. 
39 

100 

Doucin 

61 

192 

Paradise 

50 

Before  comparing  the  yields  for  the  three  stocks  we  must  first 
account  for  the  tardiness  with  which  the  trees  came  in  bearing  and 
the  small  yield  for  the  ten-year  period.  No  doubt  the  excessive 
pruning  to  which  the  trees  have  been  subjected  iji  order  to  form 
good  heads  and  the  experiments  in  summer  pruning  have  retarded 
bearing  and  kept  the  yield  low.  It  must  be  remembered,  too, 
that  the  trees  were  cut  back  to  whips  at  planting.  Several  late- 
bearing  sorts,  two  of  which,  Northern  Spy  and  Sutton,  are  not  yet 
in  bearmg,  have  made  the  average  time  of  coming  in  bearing  late 
and  reduced  the  average  yield.  The  last  statement  would  be  made 
plain  if  space  permitted  the  publication  of  tabular  data  for  the 
varieties  and  trees. 

As  the  figures  stand,  the  honors  for  productiveness  seem  to  lie 
between  the  French  Crab  and  Doucin  trees.  If  we  calculate  the 
number  of  trees  per  acre  for  the  different  stocks,  however,  allowing 
the  smaller  distances  between  trees  for  the  dwarfs,  then  the  Paradise, 
per  acre  unit,  is  most  productive  for  this  first  ten  years,  Doucin  next 
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and  French  Crab  last.  So  many  exceptions  could  rightly  be  made 
to  such  a  calculation  that  it  is  not  worth  making.  Those  who  have 
had  to  do  with  the  experiment  have  been  surprised  at  the  com- 
paratively small  yield  of  the  trees  on  Paradise.  Few,  indeed,  are 
the  Paradise  trees  that  have  been  bent  to  the  ground  with  a  load  of 
fruit  as  they  are  so  often  depicted. 

Again  we  caution  readers  against  drawing  sweeping  conclusions 
from  these  figures.  The  trees  on  all  three  stocks  are  just  coming 
into  commercial  bearing  and,  as  every  fruit  grower  knows,  the 
idiosyncrasies  of  trees  coming  in  bearing  are  too  many  and  varied 
to  make  data  from  them  very  reliable. 

Time  of  bearing, —  In  considering  age  of  bearing,  it  is  important 
to  keep  in  mind  the  age  of  the  plants.  Trees  were  budded  for 
these  experimental  orchards  in  the  summer  of  1902.  The  Wood 
orchard  was  set  in  the  autumn  of  1903  and  the  other  two  orchards 
a  year  later.  As  has  been  recorded,  a  considerable  number  of  the 
trees,  especially  on  Paradise,  were  lost  the  first  and  second  winters 
tJirough  injury  from  cold.  Most  of  these  were  replaced  from  a 
reserve  supply  budded  in  1902;  a  few,  however,  were  purchased 
from  nurser3anen  and  except  in  one  or  two  instances  were  of  the 
same  age.  Trees  set  later  than  1906  and  those  budded  on  our 
grounds  after  1902,  have  been  discarded.  What  are  the  facts  as  to 
the  earlier  bearing  of  dwarfing  stocks? 

In  all  three  of  the  orchards,  as  the  figures  given  show,  the  Paradise 
trees  came  in  bearing  soonest.  But  in  no  one  of  the  three  orchards 
was  there  what  could  be  called  a  commercial  crop  on  any  of  the 
stocks  until  the  tenth  year  after  setting,  when,  if  we  take  an  average 
of  the  three  orchards,  the  trees  on  French  Crab  bore  66.5  pounds 
each;  on  Doucin  63.65  pounds;  and  on  Paradise  52  pounds.  The 
figures  must  be  thus  roughly  combined  or  else  given  in  detail  at  a 
length  of  several  pages  of  tabular  matter,  in  either  case  the  showing 
being  much  the  same;  namely,  that  the  dwarfing  stocks  bring 
apples  into  commercial  bearing  somewhat  earlier  than  do  crabs. 

These  figures,  we  hasten  to  say,  are  hardly  fair  to  the  dwarfing 
stocks.  No  question  but  that  the  orchard  conditions  in  this  test 
have  been  better  suited  to  the  standard  trees  so  that  both  in  the 
matter  of  yield  and  in  time  of  coming  in  bearing  the  figures  favor 
the  French  Crab  stock.  On  the  other  hand,  there  is  no  question 
but  that  the  eye  always  favors  the  dwarf  trees.    One  sees  dwarf 
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trees  loaded  with  fruit  and  jumps  to  the  conclusion  that  they  have 
come  in  bearing  earlier  and  are  more  productive  than  the  larger 
standard  trees  which  cold  figures  show  to  bear  more  fruit,  either 
per  tree  or  per  acre,  but  not  so  apparent  to  the  eye.  Dwarfs  are 
much  more  spectacular  than  standard  trees  —  hence,  in  part,  their 
reputation  for  early  and  productive  bearing. 

It  is  interesting  to  confirm  the  expectation  that  varieties  which 
come  in  bearing  early  on  standard  trees  would  behave  the  same 
on  Doucin  and  Paradise.  In  the  three  orchards,  varieties  maintained 
very  closely  the  relative  time  for  bearing  on  the  three  stocks.  Thus, 
Boiken,  Bismarck,  Alexander,  Wealthy,  Wagener,  Wolf  River, 
Ben  Davis,  Yellow  Transparent  and  Rome  are  the  early  bearers  on 
the  dwarfs  as  we  have  long  known  them  to  be  on  standards;  while 
Northern  Spy,  Sutton  and  Lady  are,  as  on  the  larger  trees,  very 
late  in  coming  in  bearing,  with  Baldwin,  R.  I.  Greening,  Jonathan, 
Esopus,  Grimes,  Mcintosh  and  Hubbardston  in  their  usual  place 
in  the  procession  that  varieties  form  in  coming  in  bearing  on 
standards. 

SizCy  color  and  quality  of  apples  on  the  three  stocks. —  From  a  com- 
mercial standpoint,  and  this  is  a  test  of  commercial  plantings,  the 
results  as  to  effects  of  the  three  stocks  on  size,  color  and  quahty, 
are,  in  a  word,  nil.  There  were,  it  is  true,  individual  trees  on  Paradise 
and  Doucin  that  bore  particularly  large  apples  and  others  that 
produced  a  handsomely  colored  crop,  but  when  the  product  of  all 
the  trees  of  a  variety  was  compared  one  hajl  to  declare  that  the 
fruit  on  one  stock  was  quite  as  large  and  attractive  as  that  on  either 
of  the  other  two.  Nor  was  there  any  difference  in  the  flavor  of  the 
apples  from  the  three  stocks. 

Statements,  so  far  as  the  apple  is  concerned,  at  least,  that  the 
product  of  dwarf  trees  is  larger  and  better  colored  arise  largely 
from  two  facts.  As  one  compares  the  fruit  of  a  variety  on  a  dwarf 
and  a  standard  tree,  that  on  the  small  tree,  being  closer  to  the  eye  \ 

and  more  strikingly  contrasted  with  the  foliage,  makes  a  better 
appearance.  When  the  fruit  is  picked  and  compared,  usually  there 
is  no  difference.  Again,  dwarf  trees  are  commonly  pruned  more 
severely,  the  crop  thinned  and  the  trees,  all  in  all,  given  better  care, 
which,  of  course,  makes  a  far  more  attractive  crop  than  the  less  well- 
cared  for  standards  produce.  Grown  under  as  nearly  identical 
conditions  as  possible,  as  in  the  care  of  these  trees,  it  is  doubtful 
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whether  there  is  much  difiFerence  in  the  product  of  the  trees  on  the 
three  stocks. 

The  statements  just  made  hold  only  for  the  apple  in  the  gross  — 
for  the  whole  crop.  Had  the  experimental  orchards  been  near  the 
Station,  or  the  conditions  such  that  a  more  careful  study  could  have 
been  made,  it  is  possible  that  some  generalizations  could  have  been 
made  as  to  the  influence  of  the  three  stocks  on  size,  color' and  quality. 
Certain  it  is  that  there  are  slight  differences  in  ripening  dates  and, 
as  all  know,  a  difference  in  time  of  maturity  usually  means  more  or 
less  difference  in  size  and  color.  Any  study  of  this  kind,  and  such  a 
study  is  much  needed,  must  be  made  in  tests  where  all  conditions  are 
more  uniform. 

"What  varieties  do  best  on  the  dwarfing  stocks"? — Elvery  fruit 
grower  going  into  the  test  orchards  asked  this  question.  A  little 
consideration  shows  that  it  can  be  answered  only  in  the  most  general 
way.  Varieties  have  not  done  equally  well  in  the  three  orchards; 
none  of  the  trees  are  yet  near  their  maximum  usefulness;  the  question 
of  longevity  must  be  taken  into  account;  the  use  for  which  the  apple 
is  wanted,  whether  for  home  or  market,  is  a  factor.  Without  dis- 
cussing these  several  factors  or  giving  reasons,  the  writer,  after  the 
experience  of  several  years,  can  express  his  judgment  as  to  the  varieties 
that  are  and  are  not  suited  for  dwarfing  stock. 

All  things  considered,  possibly  Mcintosh,  Wealthy  and  the  Uttle 
Lady  have  been  most  satisfactory  on  dwarfs.  Jonathan,  Esopus, 
Grimes,  Alexander,  Wagener,  Boiken  and  Bismarck  have  been  very 
satisfactory.  Twenty  Ounce  has  been  the  most  unsatisfactory;  it 
failed  to  make  a  good  union  at  the  start  and  even  the  trees  that 
made  the  best  union  have  been  unhappy  on  either  of  the  dwarfing 
stocks.  Baldwin,  R.  I.  Greening,  Rome,  Ben  Davis,  Northern  Spy, 
Sutton,  the  best  known  of  the  remaining  27  sorts,  have  not  taken 
especially  kindly  to  the  dwarfing  stocks. 

CONCLUSIONS. 

We  may  conclude  from  the  work  at  this  Station  with  dwarf 
apples: 

First.  In  America  it  is  difficult  if  not  impossible  to  get  varieties 
on  the  dwarfing  stock  one  may  choose  because  of  confusion  in  stocks. 
Even  could  one  be  sure  of  the  stock  the  cost  of  the  orchard  per  tree, 
and  more  particularly  per  acre,  since  many  trees  are  required,  is  high 
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Second.  In  the  cold  climate  of  New  York  there  is  much  danger 
of  winter-killing  or  winter-injury  to  the  tenderer  dwarf  trees.  The 
French  Paradise  stock  is  particularly  tender  to  cold. 

Third.  The  union  between  stock  and  cion  when  dwarfing  stocks 
are  used  is  not  as  good  as  in  standard  trees.  A  considerably  greater 
loss  must  be  expected  from  the  breaking  of  trees  because  of  poor 
unions.  Trees  on  French  Paradise  make  poorer  unions  than  those 
on  Doucin  stocks. 

Fourth.  Many  varieties  throw  out  roots  from  the  cion  if  the 
union  is  at  or  beneath  the  surface  of  the  ground.  This  entails 
annually  the  task  of  removing  roots  springing  from  the  cion,  other- 
wise the  dwarf  trees  quickly  cease  to  be  dwarfs.  Many  so-called 
dwarf  orchards  are  not  such,  for  upon  examination  it  will  be  found 
that  the  root  system  comes  chiefly  from  the  cion. 

Fifth.  All  dwarfing  stocks  have  relatively  shallow  root  systems 
which,  under  the  conditions  in  which  apples  are  generally  grown 
in  New  York,  are  undesirable  for  several  reasons;  the  trees,  young 
or  old,  loaded  or  unloaded,  blow  over;  the  orchard  cannot  be  properly 
cultivated;  unquestionably,  the  shallow-rooted  dwarfis  suffer  more 
from  the  annual  American  drouth  than* do  the  deep-rooted  standards; 
lastly,  root  injuries  from  plow  and  cultivator  are  more  frequent 
with  shallow-rooted  stocks,  accounting  in  part  for  the  suckering 
habit  of  dwarf  apples.  Because  of  such  injuries  it  may  be  expected 
that  the  roots  of  dwarf  trees  will  more  often  be  diseased  than  those 
of  standards. 

Sixth.  The  suckering  habit  of  the  dwarf  stocks  is  a  vexatious 
trouble  with  which  growers  of  dwarf  trees  must  contend.  Many 
suckers  probably  come,  as  we  have  said,  from  root  injuries,  but 
since  dwarf  stocks  are  usually  propagated  from  cuttings  or  layers 
it  is  reasonable  to  suppose  that  they  sucker  more  freely  than  the 
average  standard  tree. 

Seventh.  To  secure  true  dwarfs  undoubtedly  there  must  be  some 
summer  pruning.  In  the  exceedingly  variable  summer  climate  of 
New  York  it  is  very  difficult  to  find  a  method  and  a  time  to  prune 
satisfactorily  in  the  summer.  On  the  one  hand,  the  results  for 
which  summer  pruning  is  done  do  not  always  attend  and  on  the 
other  hand  positive  harm  often  follows  because  of  the  weak,  sickly, 
second  growth  which  so  often  is  an  after  effect  and  which  nearly 
always  succumbs  the  succeeding  winter. 


New  York  Agrigultural  Experiment  Station.        646 

Eighth.  The  data  secured  in  ihis  test  show  that  the  trees  on 
dwarfing  stocks  come  into  commercial  bearing  somewhat  earlier 
than  do  those  on  standard  stocks.  But,  while  the  trees  are  not 
old  enough  to  give  reliable  data  on  productiveness,  there  are  no 
indications  that  the  dwarfs  come  in  bearing  sufficiently  early  or 
bear  enough  fruit  to  make  them  profitable  as  compared  with 
standards.  This  test,  of  course,  offers  no  evidence,  but  no  one 
expects  from  the  behavior  of  dwarfs  elsewhere,  that  the  trees  will 
live  as  long  as  do  standards. 

Ninth.  It  is  a  common  claim  that  dwarf  apple  trees  produce 
largCT,  handsomer  and  better-flavored  fruits  than  standard  trees. 
There  is  little  in  these  three  orchards  to  substantiate  these  claims. 
There  are  differences  between  trees  on  the  three  stocks  but  they 
are  as  often  as  not  in  favor  of  standards  as  of  dwarfs. 

Tenth.  The  chief  advantages  of  the  dwarf  trees  are  such  as 
appeal  to  the  amateur  rather  than  the  professional  apple  grower. 
Hius,  a  dwarf  tree  takes  less  space  and  a  greater  variety  can  there- 
fore be  grown  in  a  garden  or  orchard  and  the  plants  are  handsomer 

ornamentals. 

18 


THE  BLOOMING  SEASON  OF  HARDY  FRUITS.*^ 

U.  p.  HEDRICK. 

In  1908  this  Station  published  blooming  data  for  866  vaiieties 
of  tree  and  vine  fruits.  Though  a  second  edition  has  been  publidied 
of  Bulletin  299,  which  contained  this  information,  it  is  now  out  oi 
print  and  there  is  still  a  demand  for  it.  Meanwhile,  in  the  seven 
years  that  have  elapsed,  many  new  varieties  of  tree  and  vine  fruits 
have  been  grown  for  which  we  now  have  data  as  we  have  also  for 
bramble  and  bush  fruits  and  strawberries.  The  present  bulletin 
assigns  a  blooming  season,  from  data  taken  at  this  Station,  for  all 
of  the  varieties  of  fruits  commonly  cultivated  in  New  York.  Of 
what  value  is  this  data? 

The  value  of  blooming  data. — ^The  blooming  time  of  fruits  govons 
the  action  of  fruit-growers  in  several  critical  matters.  Thus,  the 
flowers  of  early-blooming  sorts  are  often  caught  by  spring  frosts; 
knowing  the  blooming  date,  the  grower  can  select  late-blooming 
varieties  for  frosty  sites  or  choose  the  most  favorable  part  of  his 
plantation  for  early  bloomers.  Again,  it  is  certain  that  many  fruits 
must  be  cross-pollinated  to  insure  their  setting  a  crop;  only  sorts 
that  bloom  at  the  same  time  should  be  inter-planted  for  cross-pol- 
lination. Lastly,  some  orchard  operations  are  governed  by  blooming 
time;  thus,  several  fruits  are  sprayed  as  blossoms  are  dropping  and  it 
is,  therefore,  wasteful  of  time  to  inter-set  a  plantation  to  varieties 
blooming  widely  apart  since  to  do  so  makes  it  necessary  to  go  over 
the  orchard  two  or  more  times  for  this  blooming-time  spraying; 
on  the  other  hand,  it  may  be  desirable  to  prolong  the  spraying  sea- 
son by  planting  two  or  more  varieties  in  blocks  blooming  at  difiFer- 
ent  times. 

At  what  stage  of  blooming  should  the  date  be  taken? — ^There  is  a  fine 
question  as  to  whether  the  opening  date  of  the  flower,  its  full  bloom 

^  The  blooming  dates  recorded  in  this  Bulletin  have  been  taken  by  various  memben 
of  the  Horticultural  Department  of  this  Station  and  the  author  has  been  aasiBtediii 
aasembling  the  data  bv  all  of  the  members  of  the  Department. 

*  A  reprint  of  Bulletin  No.  407,  May,  1916. 
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or  the  droppiiig  of  its  petals  is  most  significant.  For  practical  work 
in  the  orchard  it  makes  little  difference  as  to  which  of  these  events 
is  indicated  by  the  data  provided  that  one  of  the  three  be  adhered  to 
for  all  data.  In  a  careful  study  of  blossom  biology  it  is  doubtful  if 
any  one  of  these  stages  of  flower  development  is  sufficiently  refined; 
for  the  important  event  in  the  life  of  a  flower  is  the  breaking  of  the 
pollen  sac  or  the  time  at  which  the  stigma  becomes  receptive.  This 
d^ree  of  refinement,  however,  is  not  necessary  in  practical  work. 
The  blooming  seasons  given  for  varieties  in  this  buUetin  are  based 
upon  the  opening  of  flowers. 

The  effects  of  different  temperatures  on  the  essential  organs  of  flowers, — 
There  has  long  been  a  question  in  the  mind  of  the  writer  as  to  whether 
the  set  of  fruit  might  not  be  more  or  less  influenced  by  a  difference 
in  the  hastening  or  retarding  effect  of  temperature  on  the  two 
essential  organs  of  flowers.  The  pistil,  the  female  organ,  and  the 
stamen,  the  male  oi^an,  seem  to  be  affected  in  different  d^pree  by 
cold  and  heat.  Thus,  all  know  that  the  pistil  is  often  injured  by  a 
light  frost  which  does  no  harm  to  the  stamen.  A  c(msiderable 
amount  of  work  in  cross-pollinating  at  this  Station  has  led  to  the 
general  observation  that  very  warm  weather  leads  to  a  more  rapid 
development  of  the  stamen  than  of  the  pistil.  Not  infrequently 
in  exceptionally  hot  weather  it  will  be  found  that  the  stamens  have 
developed  much  more  rapidly  than  the  pistils — that  the  anthers  have 
burst  and  lost  their  pollen  before  the  stigmas  are  receptive.  On 
the  other  hand  the  stamens  develop  least  rapidily  in  cold  weather. 
May  not  this  unequal  response  of  stamen  and  pistil  to  heat  and  cold 
be  one  of  the  causes  of  the  uncertainty  which  attends  the  setting 
of  fruit  even  when  trees  blossom  well?  Here  is  an  important  prob- 
tem  for  some  student  of  blossom  biology. 

The  effects  of  moisture  on  the  essential  organs. — Rain  during  blos- 
soming time,  as  we  have  shown  in  BuUetin  299  from  this  Station, 
is  a  frequent  cause  of  a  poor  setting  of  fruit,  doing  damage  oftener 
than  frosts  in  New  York.  Usually  the  injurious  action  of  rain  on 
blossoms  has  been  ascribed  to  the  dilution  of  the  stigmatic  fluids  or 
to  its  removal  by  washing  out.  During  the  current  season  Mr. 
W.  F.  Friedman,  a  student  assistant  at  this  Station,  has  found  that 
pdlen  grains  of  practically  all  fruits  burst  and  will  not  germinate  in 
water.  From  his  work,  extending  through  the  whole  of  the  blooming 
season  of  1915,  there  can  be  little  doubt  but  that  the  action  of  rain 
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on  pollen  is  quite  as  potent  in  preventing  a  set  of  fruit  as  is  its  in- 
jurious effect  on  the  stigmatic  juices. 

Variability  in  the  blooming  season. — ^Blooming  time  is  a  more  or 
less  shifting  event.  It  is,  of  course,  early  or  late  as  the  season  is 
early  or  late.  It  shifts  also  as  regards  other  life  events  of  plants. 
In  some  seasons  a  species  or  variety  may  bloom  a  little  before  leaves 
burst  forth;  in  others,  leaf  and  flower  come  out  simultaneously  and 
in  still  others  leafing  precedes  blooming.  In  southern  climates  the 
tendency  in  several  fruits  is  to  bloom  before  they  leaf,  while  in  the 
north  the  same  fruit  will  leaf  and  bloom  together  with  the  first  wave 
of  summer  weather.  More  remarkable,  and  much  more  important, 
is  the  fact  that  varieties  of  most  hardy  fruits  vary  in  their  relative 
time  of  blooming;  for  example,  one  peach  may  bloom  earlier  this  year 
than  another  and  next  year  the  time  for  the  two  may  be  reversed. 
These  variations  demand  at  least  an  attempt  at  an  explanation. 

There  are  several  theories  to  account  for  variations  in  the  time  of 
occurence  of  life  events  in  plants  such  as  leafing,  blooming  and  fruiting. 
Possibly  the  most  generally  accepted  of  these  is  that  of  Hoffman, 
briefly  discussed  in  Bulletin  299  of  this  Station.  The  gist  of  Hoff- 
man's hypothesis  is  that  the  beginning  of  any  life-epoch  in  a  plant 
marks  a  certain  sum  total  of  heat  up  to  that  event.  Hoffman's 
zero  point  is  arbitrarily  fixed  at  the  first  of  January,  after  which  he 
takes  the  sum  of  the  daily  maximum  positive  temperatures  of  a 
thermometer  exposed  to  the  sun  up  to  the  beginning  of  the  event. 
Hoffman  holds  that  such  a  thermal  constant  coincides  to  a  satis- 
factory degree  from  year  to  year. 

If  some  such  explanation  be  accepted  one  sees  at  once  the  cause 
of  the  variations  in  blooming  time.  Different  species  and  different 
varieties,  hypothetically,  have  different  thermal  constants  and  re- 
quire a  varying  length  of  time  in  different  climates  and  seasons  to 
attain  the  thermal  constant. 

No  doubt  there  are  other  causes  of  variations  in  time  of  blooming. 
The  age  and  vigor  of  the  plant  may  cause  variation.  As  may,  also, 
soil,  moisture  and  all  that  go  to  make  up  the  plant's  enviroimient. 
The  stock  may  have  a  most  decided  influence.  Rarely,  it  may  be 
supposed,  a  plant  normal  in  other  respects  may  "  sport "  in  the  matter 
of  time  of  blooming.  It  is  probable  that  these  conditions,  affecting 
the  vigor  of  the  plant,  account  for  the  shifting  in  the  relative  time  ci 
blooming  of  varieties. 
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Influence  cf  locaiion  on  blooming  time. — The  time  of  blooming 
depends  on  temperature  which,  in  its  turn,  is  largely  governed  by 
latitude  and  altitude.  In  making  use  of  the  data  to  follow,  then,  it 
is  somewhat  important  to  know  the  latitude  and  altitude  of  this 
Station.  The  latitude  is  42""  52'  46.2'';  the  altitude  is  from  500  to 
52S  feet  above  sea  level.  On  the  several  minor  factors  which  affect 
temperature  the  only  other  one  necessary  to  have  in  mind  in  regard 
to  tiie  Station  orchard  is  that  the  land  lies  a  mile  west  of  Seneca 
Lake,  a  body  of  water  40  miles  in  length,  3)  miles  wide  and  600  feet 
deep — a  lake,  which  because  of  its  depth  and  size,  exercises  a 
powerful  influence  on  the  adjacent  country,  no  doubt  delaying  the 
blooming  time  on  the  Station  grounds  several  days  each  season. 

The  fruit-grower,  in  using  such  data,  must  usually  make  al- 
lowance for  difference  in  latitude,  altitude  and  distance-  from  large 
bodies  of  water.  But  since  the  exact  dates  are  not  given  and  the 
procession  of  varieties  will  bloom  approximately  the  same,  subject 
to  the  variations  discussed,  the  seasons  may  be  generally  accepted 
in  New  York  as  we  give  them  in  the  Usts  that  follow. 

Comparative  blooming  dates. — ^A  matter  of  much  interest,  and  of 
no  little  importance  in  planning  orchard  work,  is  the  dates  at  which 
the  different  fruits  may  be  expected  to  bloom.  We  can  best  give  this 
information  by  selecting  an  average  year  and  giving  dates  of  first 
bloom  for  the  several  fruits.  The  dates  for  other  years  will  not  be 
the  same  but  the  order  of  blooming  will  be.  The  year  1912,  of  the 
five  seasons  for  which  data  are  given,  is  most  nearly  an  average  one  for 
blooming  dates.  In  that  year  sweet  cherries  began  blooming  May  1 ; 
pears,  May  2;  European  plums,  Japanese  plums,  hybrid  plums  and 
currants,  May  3;  apples,  sour  cherries,  hybrid  cherries  and  goose- 
berries. May  4;  peaches,  May  5;  crab  apples.  May  6;  native  plums, 
May  7;  strawberries.  May  16;  blackberries,  dewberries  and  -black 
raspberries.  May  31;  red  raspberries,  June  1;  hybrid  raspberries* 
June  7;  grapes,  June  14. 

APPLES. 

The  data  presented  cover  the  past  five  years.  The  blooming 
season  of  apples  at  this  Station  averages  twelve  days.  The  shortest 
season  of  bloom  was  seven  da3r8  in  1913  and  the  longest  season, 
eighteen  days  in  1910.  The  first  date  of  bloom  for  apples  in  1912, 
an  average  year,  was  May  seventh. 
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* 
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* 

Calville  de  OuUins. . . . 

QoUfin  Reinette 
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Graf  Lnzburg 

Grand    Duke   Micfad 

Peannain 

Grandiaother 

GrsyeDstem 

Great  Barbe 

Green     and     Yellow 

Newtown 

Grimes 

Groeh 

Ha«loe 

Hah 

Haalon 

HaakeU 

Headligfit 

Hodrick 

Henry  Clay 

Henry  Clay  Summer. 

Hilaire 

Hoadley 

HoUand  Pippin 

HoHand  Winter 

Houghton  Sweet. . . . 

Hubbaidaton 

Hunterdon 

Huntsman 

Hurlbut 

Hume 

Hyde  King 

Jack 

Jackson 

Jacobs  Sweet 


Jers^  Black. . . 
Jersey  Sweet. . . 

Johnson 

Johnsonite 

Jonathan 

Jonathan  Buler. 

KaUddon 

Eeckskemet. . . 

King  David 

King  of 

Kinnatrd, 

Kittageskee. 

Lady 

Lady  Sweet. 
Landon. . . . 
Landsbetg.. 
Lawyer 
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Lead 

Legal  Tender 

Lehigh  Qreenii^ 

Lombard 

Loi^vity 

Longfifild, 

Long  Island  Russet. . . 

Long  Keeper 

Lord  Seedling 

Lou 

Louise 

Lovdand 

Lowell 

Luckey 

Lubsk  Queen 

McCroskey 

Mcintosh 

McLellan 

Magnolia 

Magog 

Magyar 

Maiden  Blush 

Mammoth 

Mann 

Marigold 

Mihalyfi 

Milden 

Miller  Seedless 

Missouri  Pippin 

Mock 

Mon  Desire 

Monmouth 

Monroe  Sweet 

Montgomery 

Moore  Extra 

Moore  Sweet 

Mother 

Mountain  Sweet 

Moyer 

Munroe  Favorite 

Munson 

Nelson 

New  Water 

Nitchner  Strawberry. . 

Northern  Spy 

Northwestern    Green- 


ing  

Norton  Red 
Nyan  Piros. 

Oak 

Od  Austin. . 
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Old  Garden 

Oldenburg 

Ofeft 

Oliver 

Olympia 

OiK>ndaga 

Ontario 

Opaleaoent. . . . 

(^anie 

Orenoo. ..'..... 

Ortley 

Ostrakoff 

Oswego 

OsriVaj 

Otsego 

Overton 

Oione 

Palouse 

Paragon 

Parker  Seedless. 

Parlin 

Parry  White. . , 

Parson 

Patten 

Paul  Long 

Payne 

Peach  Blow 


Peck  Pleasant 

Perfect 

Perry 

Peter 

Pewaukee 

Pickard 

PommeGrise , 

Pomona 

Porter 

Primate 

Prince  Double 

Princess  Wilhelma 

Prolific  Sweeting 

Pumpkin  Sweet 

Queen  (West) 

Ralls 

Ramsdell  Sweet 

Red  and  Green  Sweet, 

Red  Astrachan 

Red  Canada 

Red  Carver 

Red  June 

Bed  Queen 


I 


' 


S 


I 


* 


• 


s 

I 


Red  Seek-No-Further 

Regmalard 

R^Bselaer 

Rhode   Island  Green- 


mg 

Ribston 

Richard  Early  Winter 

Richard  Graft 

Rioter 

Rittenhouse 

Robert 

Rockland 

Rome 

Roxbury 

Ruby  Gem 

Rudolph 

Rutherford 

Salome 

Sandy  Glass 

Saratoga 

Scarlet  Pippin 

Schenectady 

Schoharie 

Scott  Winter 

Sekula 

Shackleford 

Shannon 

Sheddan 

Shepherd  Perfection. . 

Shirley 

Skank 

Skelton 

Smith  Cider 

{Smokehouse 
Snyder 

Spasovka 

Spacer  Seedless 

Springdale 

Stark 

Starkey 

Stay  man  Wlnesap 

Steams , 

Stewart  Seedling. . . . . 

Streaked  Pippin 

Striped  Fameuse 

Stuart  Golden , 

Summer  Wafer 

Sutton 

Swaar 

Sweet  Jonathan 

Sweet  Bomanite 
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Sweet  Winesap 

Switier 

Terdika 

Tefiy 

Tioga 

Titovka 

Titus  Pippin 

TiJinaii  Sweet 

Tompldiis  King 

Transparent  de  Cron- 

a]s 

Tufts 

Twenty  Ounce 

Ulster 

Ulysaes 

Vandevere 

Vaughn  Seedleas 

Ver 

Victoria  Sweet 

Victuals  and  Drink. . 

Wal>a8hRed 

Wagener 

WaUser  Beauty 

Wallace  Howard 
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Wandering  Spy 

Washington  Royal. . . 
Washington       Straw- 
berry  

Water 

Wealthy 

Wells 

Westchester 

Whinery 

Williams 

Wilson  Red  June 

Windsor 

Wine  Rubets 

Winesap 

Winter  Banana 

Wismer 

Wolf  River 

Yellow  Forest 

Yellow  Transparent. . 

York  ImperiflJ 

York  Stripe 

Zoar 

Zolotareff 

Zusoff 
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CRABAPPLES. 

The  blooming  season  of  Crabapples  is  a  few  days  shorter  than 
that  of  other  apples  and  usually  begins  from  two  to  four  days  later. 


Algerienne 

Cherry 

Currant 

Excelsior 

Florence 

Grant. 

H(Aenhetmer 

Hyslop 

Large  Red  Siberian. . . 
Large  YeDow  Siberian 
Martha 


I 


I 

I 


Montreal 

Orange 

Paul  Imperial. . 
Picta  Striata. . . 

Quaker 

Queen 

September 

Transoendant. . 

Van  Wyck 

Whitney 

Young  America, 
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PEARS. 

Duriog  the  past  five  years  the  Uooming  seaaon  of  pears  at  tiiis 
Station  averaged  ten  days.  The  shortest  season  of  bloom  in  this 
period  was  Sve  days  in  1911,  and  the  longest  season  fifteen  dajm  in 
1912.  The  first  date  of  bloom  tar  pears  in  1912,  an  avera^  year, 
was  May  second. 
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PEACHES. 
Duiiog  the  four  ye&ra  which  the  data  here  presented  cover,  the 
blooming  season  .of  peaches  at  this  Station  has  averaged  ten  days. 
The  shortest  season  of  blooming  was  six  days  in  1911;  the  longest, 
sixteen  days  in  1910.  Tbe  first  date  of  bloom  for  peaches  in  1912, 
an  average  year,  was  May  eighth. 
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Chinese  CBng 
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Gold  Gate 
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EUROPEAN  PLUMS. 

European  plums  are  among  the  first  to  b^in  blossoming,  jret 
they  cover  such  a  long  season  that  some  varieties  are  recorded  as 
very  late  and  are  only  slightly  earher  than  our  lat«at  natives.  The 
blooming  season  may  open  from  the  middle  of  April  up  to  the  be- 
ginning of  the  second  week  in  May  and  may  be  from  one  week  to 
three  weeks  long.  In  1912,  an  average  year  for  plums,  the  first 
blossoms  among  Europeans  were  recorded  May  sixth  and  the  last 
varieties  to  open  were  recorded  on  the  sixteenth. 
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RrunuM  domesHea 
(conduded). 

Teniuuii 

Tragedy...-. 

Trancparent 


Vietoria. 

Wales 

Wangenbeim. 
Waahington. . 
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Yellow  Gage. 
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Prunus  inntiHa 
(eondttded) . 

DrapiyOr 

Freeertone 

French 

Frogmore 

Frost  Damson 

King  Damson 

Late  Mirabelle 

Shropshire 

White  Bullaoe 
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Prunus  eerasifera. 

De  Caradeuc 

Golden  Cherry 
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TRIFLORA  PLUMS. 

Although  the  Triflora  plums  begm  to  bloom  at  the  same  time 
as  the  European  varieties,  their  season  is  much  shorter — from  four 
to  eight  days — so  that  late  Triflora  varieties  fall  in  midseason  for 
Domesticas. 


Abundance. . . 

Burbank 

Chabot 

Earliest  of  AU. 

Engre 

Georgeaon. . . . 
Hafe 


Long  Fruit, 

Maru 

Occident . . 
October. . . 

Ogon 

Red  June.. 
Willard... 
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NATIVE  PLUMS. 

Varieties  of  five  native  species  are  growing  at  Geneva.    These 
are  much  slower  in  starting  into  bloom  than  are  the  European  va- 
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rieties,  the  earliest  usually  blooming  toward  the  latter  part  of  the 
midseason  for  Domesticas,  and  they  continue  to  open  from  a  day 
to  a  week  after  the  latter  plums.  The  1912  season  opened  on  the 
eleventh  of  May  and  continued  for  six  days.  We  have  no  other 
plmns  which  bloom  later  than  the  Hortulanas. 
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Wild  €k)08e 

PrunuB  americana. 

De  Soto 

Miner 

Oren 

Surprise 

«t 

R^llingntone 

Prunus  americana 
moUis. 
Wolf 

Stoddard 

Weaver 

• 
• 
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HYBRID  PLUMS. 

As  would  be  expected,  the  blooming  period  of  hybrid  plums  is 
considerably  spread  out — some  coming  in  with  the  early  Domesticas 
and  Trifloras  while  others  are  nearly  as  late  as  the  Hortulanas.  In 
1912  the  season  opened  on  the  sixth  of  May  and  the  last  variety 
bloomed  seven  da3rs  later. 


America. 
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Climax.. 
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Jtapex. . .. 

Juioy .... 

Marianna. 

Maynard. 

Miracle. . 

Shiro.... 

Wickaon.. 
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SWEET  CHERRIES. 

The  blooming  season  of  sweet  cherries  at  this  Station  averages 
six  days.  The  data  presented  cover  the  past  five  years.  The 
shortest  season  of  bloom  was  four  days  in  1912,  and  the  longest  season 
eight  days  in  1911.  The  first  date  of  bloom  in  1912,  an  average 
season,  was  May  first. 
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BlAck  Tartarian. . . . 

Bnrbank 

California  Advance . 

Centennial 

Cleveland 

Coe 

Dikeman 

Downer 
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Early  Purple 

Elkhom 

Elton 

Florence 
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Hoy. 
Ida. 
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Kirtland 

Knight 

Lamaurie 

Lambert 

Lyons 

Meroer 

Mesel 

Napoleon 

Republican 

Rockport 

Schmidt 

Sparhawk 

Stuart 

Summit 

Windsor 

Wood 

Yellow  Spanish. 
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SOUR  CHERRIES. 

The  blooming  season  of  sour  cherries  at  this  Station  averaged 
eight  days  during  the  past  five  seasons.  The  shortest  season  of 
bloom  was  five  days  in  1911 ;  the  longest,  eleven  days  in  1910.  The 
first  date  of  bloom  in  1912,  an  average  season,  was  May  seventh. 
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Double  Natte. . . 
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Early  MoreQo... 
Early  Richmond. 
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English  Morello 

George  Glats 

Groflse  Picarde 

Heart-Shaped    Weich- 

ael 

King  AmareUe 

Large  Montmorency . 

Louis  PhiUppe 

Magnifique 

Montmorency 

Northwest 
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Olivet 

Ostheim 

Riga 

Short-Stem    Montmo- 
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Sklanka 

Spate  Amarelle. 

Suda 

Timme 

Tubbs 

Vladimir 
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HYBRID  CHERRIES. 

The  blooming  season  of  hybrid,  or  Duke  cherries,  is  coinddrat 
with  that  of  sour  cherries. 


Abbesse  d'Oignies 

Bender  (of  New  York) 

Empress  Eugenie 

Late  Duke 

May  Duke 
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New  Century . . . 
Nouvelle  Royale. 
Rdne  Hortense . 
Royal  Duke 
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GRAPES. 

From  three  years'  records,  the  average  length  of  blooming  season 
for  grapes  has  been  twenty  days,  nineteen  days  in  1912  and  1914 
and  twenty-two  days  in  1913.  The  first  date  in  the  average  year 
of  1912  was  June  fourteenth  while  for  1914  it  was  June  seventh. 


Adirondac. ...... 

Agawam 

Akxander  Winter . 
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Alice 

Amber  Queen. 
Ambrosia 


i 


I 


New  York  Agmcitltuiial  Experiment  Station.        563 


Americft 

Amethyst. . . . 

Aminia 

Antoinette — 
Arkansas. — 

Aroma 

Anguat  Giant, 

Bacohus 

Bailey 

Banner 

Bany 

Beaoon 

Bdl 


I 


BerthA 

Big  Hope... 

Bisliop 

Black  Eagle. 
Brighton. . . 
Bridse^Ater. 
Brilliant.... 


Brown 

CampbeO  Early 
CanMa 


I 


Captain 

Captivator 

Carman 

Catawba 

Cayuga 

Champion 

Champand 

ChambrQ 

Cha&dkr 

Chautauqua 

Clevener 

Clinton 

Cloeta 

Cochee 

Cokrain 

Columbian  Imperial. 

Collier 

Coneord 

Corby 

Cottage 

Creveting 

Croton 


Delakins. 
I>elago.. 


Delaware 

Diamond 

Diana 

Downing 

Draeut  Amber. . 
Dry  Hill  Beauty 

DutehesB 

Early  Dawn 

Early  Golden... 

Ear^Ohio 

Early  Victor. . . . 

Eaton 

Eclipse  I 

Eclipse  II 

Eldorado 

Elnnbun^ 

Elvibach 

Elvira 

Emerald 

Empire  Btate . . . 


Etto 

Eumedel 

Eumelan 

Extra 

Faith 

Fern  Munson . 

Gaertner 

Gari&eld 

Geneva 

Glenfeld 

Goethe 

GoflF 

Gold  Coin... 
Golden  Drop. 
GoldDuflt... 
Golden  Grain 
Green  Early . 
Grain  Golden. 
Hartford.... 
Headlight... 
Helen  KeUer. 

Herbert 

Hercules .... 

Hemito 

Hexamer .... 

Hicks 

Hidalgo 

Hopican 

Hopkins 


• 


* 


* 


•  *' 


I 

s 


•   •   • 
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NOTfolk 

' 

* 

• 

Ooddental. . . . 

• 

• 

0^.::: 

• 

• 
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* 

gSr    

Ofwk 

&e:*::::;::::::: 

' 

i 

Lindlcy 

Perfection..   .. 

:;: 

p«.vi„. 

■;■ 

T.ivir,,;.b». 

PnTHingf^r, 

Lnoae.. ...■;::::;:::■ 

• 

Lalie 

M^TTmW 

Pl>1..lri 

Msbd    ' 

p..llt.t 

rS»'.::  :::::::::: 

R«dBifd             .   ... 

■ 

Mftrion 

' 

R«dRiesKiig 

* 

R^a."..;:::::::::: 

Sodcwood      .     . 

Milb 

• 

KfocTT*::: : 

* 

• 

• 

■• 

Sn:::::::' ":■ 

Neotw... 

NeodM) 

• 

Secwtwy 

• 
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GOOSEBERRIES. 
The  averse  length  of  blooming  season  of  gooeebeniea  at  this 
StAtion  for  the  past  three  years  is  ten  days.  The  shortest  season 
was  nine  days  in  1914  and  the  longest  season  twelve  days  in  1912. 
The  first  date  of  bloom  for  gooseberries  in  1912,  an  average  year, 
was  May  seventh. 
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'•' 
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Oregon , 

Osk^der  B^ 

Overall 

Oiofme 

Pearl 

Poorman 

Portage 

Queen  of  WliiteB 

Red  GhampagDe 

Red  Warrington 

RoiMh  VeUow  dooteh 
Smiffi. 


I 


I 


• 


I 

I 


Smiling  Beauty. 

Stockwell 

Succeed 

Sulphur 

Sunaet 

TaUyHo 

Thumper 

Victoria 

Wellington. . . . 
White  Eagle. . . 
Whitesmith.... 


i 


I 


CURRANTS. 

FrcMn  three  years'  records,  the  aven^  length  of  bkxmiiiig  eea* 
son  for  currants  has  been  ei^t  days;  seven  days  m  1913»  eight  in 
1914  and  nine  in  1912.  The  first  date  in  1912,  the  season  which  is 
being  used  to  show  relative  dates  for  the  different  fhute,  was  May 
sixth. 


Black  \rietoria.. 
Boakoop  Giant. . 

Champion 

Chautauqua 

Cherry 

Comet 

Crandall 

Diploma 

Fay 

Filler 

Franco  German. , 

Holland 

Lee 

London  Market. 
Magnum  Bonum 


I 


• 
• 
* 


* 


« 
* 


i 


I 


Nai^es 

North  Star 

Perfection 

Pomona 

Prince  Albert 

RedCroas 

RedDutdi 

Ruby 

VeraailleB 

Victoria 

White  Dutch 

White  QrBpe 

White  Imperial... 
White  Transparent, 
Wilder 


I 


• 
• 


• 


I 


« 
* 


• 
• 
• 


I 


I 

I 
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BLACKBERRIES  AND  DEWBERRIES. 

The  average  length  of  blooming  aeaeon  of  blackberries  and  dew- 
berries at  tUs  Station  for  three  years  is  twenty-four  days.  The 
shortest  season  was  twenty  days  in  1914  and  the  longest  season 
twentyHseven  days  in  1913.  The  first  date  of  bloom  for  blackberries 
in  1912,  an  average  year,  was  May  thirty-first,  and  for  dewberries 
June  first. 


Agawam 

Blowen 

Britcm 

Eaiiy  Harvest. . 

Eldorado 

Erie 

Giant  Himalaya. 

Joy 

Kenoyer. 


Kittatiniiy. 

Lucreiia  (Dewbeny) 
M 


• 


I 


I 

I 


• 

'• 


McDcmald  (Dewberry) 

Ohmer 

Premo  (Dewbeny) 

Rathbun 

Snyder 

Sorsby  May 

Tiqrlor 

Ward 

Wilflon 

Watt 


i 


RED,  YELLOW  AND  HYBRID  RASPBERRIES. 

The  average  length  of  blooming  season  of  red,  hybrid  and  yel- 
low raspberries  at  this  Station  for  three  years  is  fourteen  days.  The 
shortest  season  was  fourteen  days,  1913  and  1914,  and  the  longest 
season  fifteen  days  in  1912.  The  first  date  of  bloom  for  red  rasp- 
berries in  1912,  an  average  year,  was  June  first;  for  hybrid  rasp- 
berries,  June  seventh;  and  for  yellow  raspberries,  June  eleventh. 


Brilliant 

Buckeye 

Columbian  (Pmple). 

Cuthbert 

Donboro 


1 


• 


I 


i 


Eaton 

GoldfiQ  Queen  (YeUow) 
Haymaker  (Purple) . . 

Herbert 

Idaho 


I 


I 


• 


i 


I 
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• 
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• 
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* 

• 

Hoy»I  Purple  (Porpla). 

• 

BLACK  RASPBERRIES. 
The  average  length  of  blooming  season  of  black  raspberries  at 
this  Station  for  three  years  is  seven  days.  The  shortest  season  was 
six  days  in  1912  and  the  longest  season  nine  days  in  1914.  The 
first  date  of  bloom  for  black  raspberries  in  1912,  an  average  year, 
was  May  thirty-first. 


1 
1 

1 

s 

1 

S 

1 

i 
1 

1 

s 

1 

J 
1 

• 

Munmoth  Gtuler 

Midwest 

• 

• 

' 

• 

• 

• 

GftuH 

' 

msn^:'.::::::.:::: 

. 

; 

HooBler 

_ 

STRAWBERRIES. 

The  aven^  length  of  blooming  season  of  strawberries  at  this 
Station  for  five  years  is  seventeen  days.  The  shortest  season  was 
eleven  days  in  1912  and  the  longest  sea&on  twenty-six  days  in  1910. 
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The  first  date  of  bloom  for  strawberries  in  1912,  an  average  year, 
was  May  sixteenth. 
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3oodwm 
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SrayDonw 

• 

FTiiililBiirl 
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[Miia  Market.. 
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James  Todd.. 

* 

Joe. 

Etevitt  Wonder. 

: 

Klondike. . . . 

' 

UteJmeyQisnt.. 

• 

MaoDUB 

• 

Uwhattan. 

* 

Mascot 

• 

Meteor 

* 

Miadoatry 

• 

• 

' 

Myer 

* 

Korwood  
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Sunt  JoMph. 
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Parodl  Early 
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SweetlMBrt 
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RIPENING  DATES  AND   LENGTH   OF  SEASON 

FOB  HARDY  FRUITS/* 

U.  p.  HEDRICK. 

Accurate  knowledge  of  time  of  ripening  and  length  of  season  of 
varieties  is  information  that  the  commercial  fruit  grower  must 
have.  It  IS  not  sufficient  that  he  know  roughly  what  the  season  of 
his  fruits  is.  To  take  the  turn  of  the  markets  he  should  know 
exactly  when  a  variety  will  ripoi  and  how  long  it  will  keep.  Yet 
current  data  on  fruit  maturity  are  notoriously  unreliable.  One 
caa  readily  account  for  the  untrustworthiness  of  maturity  data. 
In  the  first  {dace  there  is  no  genial  agreement  as  to  when  fruit  is 
ripe  nor  how  long  it  is  fit  to  eat. 

When  is  fruit  ripet —  There  is  no  way  of  demarcating  greenness, 
maturity  and  decay;  these  stages  in  the  development  of  a  fruit  grade 
insensibly  into  each  other.  Shakespeare  might  well  have  had  the 
ripening  of  fruit  in  mind  when  he  wrote — 

''  And  80  from  hour  to  hour  we  ripe  and  ripe, 
And  then  from  hour  to  hour  we  rot  and  rot; 
And  thereby  hangs  a  tale." 

But  we  cannot  tell  exactly  when  any  fruit  ceases  to  "  ripe  and  ripe  " 
and  begins  to  "  rot  and  rot."  It  is  a  oonunercial  necessity  to  pick 
many  fruits  more  or  less  green  in  order  to  have  them  reach  market 
in  suitable  condition.  Disagreements  as  to  time  of  maturity  arise, 
then,  because  we  cannot  recognize  the  stage  of  development  known 
as  '*  ripeness  "  and  because  fruits  are  usually  picked  in  a  more  or 
less  unripe  state  for  the  markets.  So,  too,  dep^iding  upon  tastes 
and  the  purposes  to  which  fruit  is  to  be  put,  whether  to  be  eaten 
out  ol  hand  or  used  for  culinary  purposes,  there  is  much  variation 
in  the  length  of  time  fruit  is  kept. 

VarifAiHty  in  ripening  dates  and  keeping  qydUty  —  Confusbn 
arises,  too,  of  course,  from  the  fact  that  varieties  ripen  at  different 
times  in  different  {daces.    It  is  difficult  for  a  New  Yorker,  for 

'  Ripeiiiiig  data  have  been  taken  by  aU  of  the  members  of  the  HortioiiltUFai  Depart- 
ment and  all  have  had  a  hand  in  preparing  them  for  publication. 
*  A  reprint  of  Bulletin  No.  408,  June,  1915. 
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example,  to  make  allowances  in  season  for  a  variety  the  time  of 
ripening  of  which  he  has,  say,  for  Missouri.  Besides,  there  are 
always  those  to  whom  '*  it  is  printed  in  a  book  "  is  sufficient  and  a 
ripening  date  printed  for  Missouri  is  taken  as  the  date  for  New  York. 
Pomologists  are  not  a  little  to  blame  for  the  confusion  that  exists 
as  to  the  season  for  varieties  of  the  several  fruits  for  they  many 
times  fail  to  state  where  a  fruit,  of  which  they  give  the  season,  was 
grown. 

There  are  other  causes  than  seasonal  differences  for  the  varia- 
bility in  ripening  tune.  Some  soils  are  warmer  and  quicker  than 
others  and  on  these  fruits  ripen  relatively  early.  In  the  several 
tillage  and  sod-mulch  experiments  at  this  Station,  apples  under 
tillage  have  been  later  in  ripening  and  have  kept  longer  than  those 
grown  in  sod.  Heavy  applications  of  nitrogenous  fertilizers  and 
plowing  under  leguminous  cover-crops  delay  the  period  of  ripening 
somewhat.  Fruit  crops  ripen  a  little  earlier  on  old  plants  than  on 
young  ones;  this  is  particularly  true  of  strawberries:  Then  there 
are  the  local  conditions  on  every  farm,  as  lay  of  land,  nearness  to 
water,  air  currents  and  the  like,  that  cause  small  variations.  The 
shifting  of  the  relative  time  of  ripening  of  varieties  of  any  fruit  is 
probably  due  to  these  variations  in  environment  and  treatment. 

As  with  blooming  time,  leafing  time  and  other  life  events  of  plants 
there  is  probably  a  thermal  constant  for  the  ripening  time  of  varieties 
of  fruits.  That  is,  it  probably  requires  a  certain  sum  total  of  d^rees 
of  heat,  the  zero  point  being  some  time  before  v^^tation  starts,  to 
bring  a  variety  of  fruit  to  maturity. 

Is  there  a  cofrdaJtion  between  blooming  time  and  ripening  timet — In 
the  study  of  plants  the  correlation  of  organs  or  of  functions  is  of 
fascinating  scientific  interest.  Sometimes  correlations  are  of  practical 
import,  with  value  to  the  grower  as  well  as  to  the  student.  If  time 
of  blooming  is  correlated  with  the  time  of  fruiting,  one  sees  at  once 
that  the  relation  is  of  more  than  ordinary  importance  from  several 
standpoints  Do  early  varieties  bloom  earlier  than  late  ones? 
If  so,  in  frosty  sites  late  varieties  have  an  important  advantage.  In 
Bulletin  407  from  this  Station  we  gave  the  blooming  time  of  the 
same  list  of  fruits  for  which  we  here  give  the  ripening  time  The 
data  for  these  two  bulletins  were  taken  in  the  same  years  and  are 
arranged  about  in  the  same  way,  giving  a  splendid  opportunity  to 
study  correlations  in  these  two  events.    It  requires  only  a  cursory 
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oomparison  of  the  data  in  the  two  bulletins  to  show  that  there  are  no 
correlations  between  blooming  time  and  ripening  time  of  fruits. 

Conditions  affecting  ripening  time  in  the  Stalion  orchards. —  While 
the  data  are  so  arranged  that  but  few  allowances  need  be  made  in 
New  York  for  differences  in  environment,  yet  it  is  well  for  the  fruit 
grower  to  know  the  conditions  under  which  the  fruits  listed  have 
been  growing.  The  latitude  is  42""  52'  46.2'';  the  altitude  is  from  500 
to  525  feet  above  sea  level.  The  orchard  lies  a  mile  or  thereabouts 
west  of  Seneca  Lake,  a  body  of  water  40  miles  long,  3|  miles  wide  and 
600  feet  deep,  sufficiently  large  to  delay  the  ripening  time  of  most 
fruits  a  few  days  at  least.  The  soil  is  a  cold,  heavy  clay  which  must 
delay  ripening  time  somewhat.  The  land  is  nearly  level  —  without 
influence  in  time  of  maturity. 

The  first  of  the  fruits  to  be  discussed  is  the  apple. 

APPLES. 

The  dates  given  are  those  of  maturity  —  the  time  when  the  fruit 
is  first  ready  to  eat  out  of  hand  —  not  picking  dates,  which  for  fall 
and  winter  fruits  would  be  much  earlier.  Matiuity  is  marked, 
in  the  table  that  follows,  by  the  first  ripe  fruit  and  it  is  well  to 
remember  that  some  summer  and  fall  varieties  ripen  over  a  period  of 
several  weeks.  The  criteria  of  matiurity  were  color,  taste,  aroma  and 
mellowness  of  flesh. 


Vabixtt. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Num- 
ber of 
weeks  in 
common 
storage. 

Akin 

10-20 

15 

Alexaailer 

5-15 

5 

Alice 

20-30 

1 

America 

15-25 

6 

Americaa  Codling 

5-15 

2 

AnisRoae T 

5-15 

2 

Arabka 

5-15 

8 

15-30 

1-15 

15-20 

13 

14 

Arkaoflas  Black 

14 

Autumn  Streaked 

10-20 
20-90 

3 

Avery 

6 

Axident 

20-30 
1-10 

12 

Babbitt 

14 
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VjIBIETT. 

• 

July. 

Aug. 

Sept. 

Oct. 

6-15 
16-26 

Nov. 

1 

Dec. 

Jan. 

Feb. 

Num- 
ber of 

weeks  in 
common 
sicnge. 

Bail^  Sweet. 

1 

4 

Baker 

5 

Baldwin 

1-15 

•  •  •  •  • 

14 

Barnes  Ghmefi 

1-10 

1 

2 

6-16 

7 

Barton 

11^25 

7 

Baxto' 

l-W 
16-20 

5 

Bayard 

8 

Beach 

16-20 

11 

BdleBonde. . , 

1-10 

6 

Ben  Davia 

1-10 

15 

Ben  Hut 

20-30 

8 

Benningw 

20-30 

5 

Birth 

1-10 

4 

Bismarck 

20^ 

9 

Black  Ben  Davis 

1-10 

12 

Black  Gilliflower 

6-16 

8 

Bloomfiekl 

6-16 

5 

Bhiahed  Calville 

15-25 

2 

Blushing  Bride 

• 

20-^ 

' 

6 

Bogdanoff  Glsas. 

10-20 

20-30 

6-16 

16-30 

7 

Boiken 

9 

Bonum 



1 

8 

Boskoop 

7 

Bostick 

20-30 
20-30 

7 

Boy's  Delight 

7 

Brackett 

20-30 

10 

Breskovka 

10-15 

3 

Broome 

15-26 

7 

Brown. 

5-15 
10-20 

4 

Buda 

* 

4 

Cagle 

1 

6-15 
1-10 

11 

Calville  de  Ouliins 

8 

Canada  Baldwin 

1-10 
6-16 

10 

Canada  Reinette 

7 

5-15 

6 

Century 

..... 

10-20 
20-30 

9 

Challenger 

9 

Charlock  Reinelte 

15-25 

6 

1-16 

13 

Chenango 

1-10 
1-10 

3 

Chester 

3 

Chicago 

16-26 

9 

Clayton 

15-25 

11 

Clinton 

6-15 

9 

Coffelt 

20-30 

•  «  •  •  « 

10 

Collamer 

20-30 

4 

Collins 

5-15 

8 

Colton 

6-15 

2 

Constantine 

20-ao 

5 

Cortliind 

6-i6 

9 
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TAsnnT. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

Jan. 

F^. 

Num- 
ber of 
weeks  in 
common 
storage. 

CVnjiunilor  NieBMii 

5-15 
1-10 

6 

Cox  Orange 

8 

Crimean 

1-10 
1-10 

, 

3 

Crow 

4 

CrowEte 

5-15 

10 

T>f  Chataigenier 

15-25 
1-10 

9 

Deacon  Jones 

12 

Deaderick 

5-15 
15-25 

7 

Delicious 

10 

Dickey 

1-10 

15 

DickiDson 

15-25 
20-30 
20-30 
20-30 

9 

Doctor 

8 

Donn  Marie 

9 

Draper 

5 

Dumelow 

10-25 

8 

Early  Harvest 

1-10 
20-30 

1 

Eariy  Joe 

3 

Eiaer 

20-30 
10-20 

7 

jiiiisee*  •     ••.■•••• 

8 

Eper 

15-30 

12 

Eflopos 

15-25 

13 

Fall  Pippin 

5-16 
5-16 

7 

Fftnieufle 

8 

15-25 

4 

Pinlilrfll         ,               

1-10 
10-20 
10-20 

5 

8 

Florence 

11 

Prakcr 

20-30 

5 

French  Pippin 

15-25 

8 

Gano 

1-10 

12 

Gem 

15-25 

3 

Gideon. 

1-10 

6 

Golden  Reineifte 

15-25 

2 

Golden  Russet 

1-10 

15 

Golden  Sweet 

10-20 

2 

25-30 

2 

Grade 

25-30 

- 

2 

15-25 

1 

1 

Grand  Duke  MmM 
Pfarmain 

1-10 
10-20 

6 

Grandmother 

7 

20-30 

6 

Great  Baibe 

1-10 

' 

8 

Green  and  Yellow  Kew- 
town 

20-30 

16 

1-10 

12 

Grosh, 

1-10 

4 

Hadoe 

20-30 

4 

Halt 

1-10 

8 

Hanlon 

5-15 
5-16 

6 

HaskeD 

4 
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July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Num- 
ber of 
weeks  in 
oommoo 
storage. 

HAftdliffht 

15-25 
15-25 

5 

Hedrick 

8 

H^mrv  CIav  BiimYviT , . , 

10-20 

4 

Hilairo 

6-15 

5 

Hoadley 

10-20 
1-10 

4 

Holland  PioDin 

8 

Holland  Winter 

1-10 

9 

Houshton  Sweet 

16-25 

4 

Hubbardston 

1-10 

11 

Hunterdon 

1-10 
1-10 

9 

Hunti>inftn 

9 

Hurlbut 

5-15 

8 

Hurne 

20-30 
15-25 

12 

Hyd^  King 

9 

Jack 

1-10 

6 

Jackaon 

1-10 

12 

Jacobs  Sweet 

15-25 

5 

Jarvis 

20-30 
20-30 

3 

Jefferis 

4 

Jersey  Black 

20-30 

6 

Jersey  Sweet 

10-20 

3 

Johnson 

1-15 

i-io 

9 

Johnsonite 

8 

Jov^Mhan 

15-25 

14 

Jonathan  Buler 

20-30 

8 

Kalkidon , . 

15-25 
1-10 
5-15 

5 

Kecskemet 

8 

King  nftiHH       . 

12 

King  of  Pippins 

20-30 

5 

Kinnaird. , 

15-25 
20-30 

8 

Kittageskee 

9 

Lady 

5-15 

13 

Lady  Sweet 

15-25 

7 

Tjandon 

6-15 

10 

Landsberg 

15-25 

5 

Lawyer 

10-20 

12 

Lead 

20-90 

4 

Legal  Tender 

16-25 

5 

Lehigh  Gieedi&g 

20-30 

11 

Lombard 

1-10 

8 

Lonseyity 

10-15 

10 

Longfield 

15-25 

4 

Long  Island  Russet 

15-25 
10-20 

11 

Long  Keeper 

14 

ImtA  »AAH^'flg, 

20-30 

5 

Lou 

5-15 

2 

I/>uise 

1-10 
1-10 

7 

Loyeland 

• 

5 

Lowell 

10-20 

3 

Luckey 

15-20 

11 

MoCroekey 

;;;;; ; ;; ;;i 

W5 

9 
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Vajustt. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

Jan. 

Feb. 

Num- 
ber of 
weeks  in 
common 
storage. 

McTntoflh 

15-25 
15-25 

» 

9 

MfiTifllliui 

8 

15-25 
10-20 

6 

\famMr 

6 

iLf  flffvAr X . 

20-30 

9 

Maiden  Bhuh 

1&-25 

7 

Mammoth. ............. 

20-90 

9 

Mann 

5-15 

11 

Mariffiold 

5-15 

9 

Mihalyfi 

20-30 
20-30 

7 

MOden 

7 

Miller  Seedlen 

1&-25 

4 

20-30 

8 

Mock 

15-25 

7 

Mon  Desire. 

15-25 

4 

Monmouth 

10-20 

11 

Monroe  Rweet 

1-10 
1-10 

3 

Mcmtgomery 

2 

Moore  Extra 

5-15 
15-25 
15-25 

7 

Moore  Sweet 

8 

Mother 

8 

10-20 

• 

5 

Mover 

20-30 

8 

Munroe  Favorite 

10-20 

6 

Muneon 

1-10 

5 

Nelson 

5-15 

11 

Nitehner  Strawberry 

10-20 

3 

5-15 

14 

Northwestern  Oreenins. . . 

1-10 

11 

Norton  Red 

15-25 

9 

Nyari  Piros. 

1-10 

4 

Oak 

5-15 
5-15 

4 

* 

6 

1-10 

2 

Oldenburc 

1-10 
10-20 

2 

Olga 

2 

Oliver 

20-30 

15 

01  vmnia 

20-30 

1-10 

15-25 

10 

^"^'J  ■••K""  ••• • 

Onondaca. ............. 

5 

7 

Opokocont 

15-25 

0 

Oranie 

20^ 

2 

QfQQQQ,  .....•••.. 

1&-25 

3 

Ortlev 

1-10 

10 

Ostrdcoff 

10-20 

2 

\  JBWfiffO  .«.•.«•*.. 

20-30 

11 

ObsI  Vai 

20-30 

1 

Otseso 

5-15 
15-25 

8 

Overton. 

12 

Osone 

10-15 

6 

Palouae 

1-10 

6 

19 
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July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Num- 
ber of 

_a        * 

stofage. 

• 

Pangon. , 

1-10 

13 

Parim 

16-25 

7 

PaiTv  White 

20-30 

3 

PAFHOn             

20-30 

5 

Pftfcten        

6-16 

4 

Pftul  LoDff. . 

1-10 

5 

Payns 

1-10 

10 

PeAch  Blow 

10-20 

2 

Pease      

1-10 

5 

Peek  Pleasant.. 

6-16 

20-30 

1-10 

13 

Perfect 

13 

Pflrrv 

8 

*  *»■  J • 

Peter 

1-10 

4 

Pewankee. 

6-16 
16-25 
10-20 

10 

Pi^kard            

9 

PnffntnA  Orue.  .......... 

11 

Pomonii 

20-30 

3 

Porter  

20-30 

6 

primate 

6-16 

3 

Prince  Double   

1-10 

5 

PriniMWH  WtlbelfFi^. 

1-10 

6 

Pmlifin  RwtfMtiniP. 

16-25 

2 

PumDkiii  Sweet r . . 

6-15 

5 

Queen  (West) 

1-10 
1-10 

11 

Ralla 

15 

Ramedell  Sweet 

20-30 
1-10 

7 

Red  and  Green  Sweet. . . . 

4 

Red  Afltraehan 

20-30 

3 

Red  Caniida 

• 

1-10 

9 

Red  Carver 

1-10 

9 

Red  June 

1-10 

3 

Red  Queen 

16-25 

1-10 

6-16 

16-25 

20-30 

7 

Red  Seek-No-Further. . . . 

7 

RMrmalard 

6 

Rennoolacr 

7 

12 

Ribeton 

15-25 
1-10 

7 

Richard  Early  Winter  . . . 

5 

Richard  Graft 

10-20 
1-10 

2 

Rioter 

3 

Rittenhouae 

20-410 

4 

Robert 

1-10 

3 

1-10 

7 

Rome 

1-10 

12 

Roxbury 

1-10 

15 

Ruby  Gem 

10-20 

2 

Rudolph 

1-10 

6 

Ruthetfoid 

15-25 

10 

Salome 

20-30 

9 

Sandy  Glaoa 

10-20 

6 

Saratoga 

2(KiO 



12 
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YAMtwnl 

July. 

Aug. 

Sept. 

Oet 

No7. 

Dee. 

Jan. 

ra>. 

Num- 
ber of 
weeks  in 
oommon 
storage. 

SeiiM  Pippin 

• 

1-10 

8 

HclMniMtMly 

20-au 

8 

SehohArie 

5-15 
5-15 

11 

Soott  Wintar. 

9 

Seknla ..... r .......... . 

1-10 

9 

ShjifiklfifoTd. 

5-15 

6 

5-15 

8 

gheddan 

1-10 

7 

gliepherd  Pcrf eetion 

5-15 

8 

81lln6V.  .....■..>•■>.... 

20-aO 

3 

15-25 

4 

Skeltoa 

20-90 

3 

ftnithCidflr 

15-25 
20-30 

8 

Smokehoitts 

9 

Snvder 

15-20 

9 

SpMOvka. 

lCV-20 

2 

SDiiiuEdale. 

1-10 

8 

^'jK*  ■■■©I""'  '1  ••  ••••«*•••••• 

Stark 

20-30 

11 

Stnrkfnr  ............... 

10-20 

4 

StftTmAII  WlMBflD.  ...... 

15-25 

13 

Steams 

20-30 

4 

Stewart  Seedling 

15-25 

9 

Stroaked  Jrkppin* •• « 

10-20 

7 

Striped  Famenae 

15-25 

8 

Stuart  GMden 

1-10 

8 

fl^imnMr  Wiif<^. , 

20-30 

5 

Stttton 

5-15 

7 

Swaar 

1-10 

12 

20-dO 

6 

15-25 
5-15 

7 

Sweet  Winesap. 

6 

Switaer 

1-10 

2 

Terdika 

15-25 
15-25 

10 

Teny 

8 

Ticca 

5-15 

9 

TitoTka 

5-15 

2 

Titos  PtpDin. 

20-30 

5-15 

15-25 

8 

Toiman  Sweet 

11 

9 

1-10 

2 

15-25 

7 

Twentr  Oonee. ......... 

20-aO 

6 

20-30 

14 

Ul  vases 

15-25 

5 

Vandevere 

5-15 

15 

Vanslin  fteedksw 

10-20 

6 

Ver 

20-30 

15-25 

1-10 

4 

Vietoria  Sweet 

4 

5 

Wftbflflh  Red 

20-<W 

9 

•  •  •  •  t 

15-^ 

.8 

I 

!■ 
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Walker  Beauty 

Wallace  Howard 

Wandering  Spy 

Washington  Royal 

Washington  Strawberry. 

Water 

Wealthy 

WeUs 

Westchester 

Whinery 

Williams 

Wilson  Red  June 

Windsor 

Wine  Rubets 

Winesap 

Winter  Banana 

Wismer 

Wolf  River 

YeUowFoi«st 

Ydlow  Transparent 

York  Imperial 

York  Stripe 

Zoar 

Zolotarefif 

Zusoff 


July. 


10-30 


Aug. 


15>25 


10-20 


20-30 


Sept. 


10-20 


1-10 


5-15 


10-20 


5-16 


Oct. 


10-20 


10-20 


15-25 


Nov. 


15-25 


10-20 


10-20 
15-25 


15-25 


Dee. 


15-25 

15-25 

1-10 


15-25 


15-25 


Jani 


10-20 


5-15 


Feb. 


1-10 


Num- 
ber of 
weeks  in 
conmion 
storage- 


7 
6 
7 
7 
6 
7 
5 
6 
9 
10 
4 
3 
8 
1 

11 

9 

5 

5 

10 

? 
12 
2 
5 
4 
5 


CRABAPPLES 


Vabibtt. 

July. 

Aug. 

Sept. 
20-30 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Num- 
ber of 
weeks  in 
oommon 
storage. 

A  IglflfPIAHfIA , 

3 

Cherry 

15-25 

2 

Currant. 

15-25 

6 

Excelsior 

1-10 

2 

Florence 

5-15 

2 

Grant 

10-20 
15-25 
10-20 

2 

HohAnh^HMT.  ....,,,.. 

3 

HvsloD 

6 

^■J*^"I'*  •■••■'■ •  •  • 

Large  Red  Siberian 

15-25 

3 

10-20 

4 

Mnrtba 

20-30 

3 

Montreal 

10-20 
1-10 

4 

OranjEe. 

6 
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VjIRnDTT 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

Jan. 

Feb. 

Num- 
ber of 
weeks  m 
common 
storage. 

Paul  Imperial 

5-15 

2 

Picta  Striata 

10-20 
15-25 

3 

Onakflr 

2 

Queen 

10-20 

2 

Seotember 

20-90 
20-30 

8 

TVanflcmdflotr . .    r  t  r 

3 

Van  Wyck 

1-10 

2 

Whitney 

15-25 
20-90 

3 

Yonnff  Amfarioa.  r , 

2 

PEARS 

As  with  apples,  the  dates  are  those  of  maturity  —  very  important 
to  remember,  for  most  pears  are  picked  green  and  ripen  in  storage. 
Maturity  was  marked  by  color,  taste,  aroma  and  mellowness. 


Vabistt. 

July. 

Aug. 
20-30 

Sept. 

Oct 

Nov. 

Dec. 

Jan. 

Feb. 

Num- 
ber of 
weeks  in 
common 
storage. 

Alamo , 

1 

Aiurmileme .........  r .. . 

15-25 

3 

AnsauH 

15-25 

20-30 

5-15 

4 

Aonert 

2 

Bartlett 

1 

Bihorel 

5-15 

1 

Bordeaux 

1-10 

5 

Bo0c 

20-30 

2 

Bouasock 

1-10 
20-30 

2 

Cftnnflr 

3 

Cindnsis 

15-25 

4 

CSainEeau 

20-30 

y 

2 

Clapp  Favorite 

20-30 

1 

Cocklin 

15-25 
1-10 

5 

Craiff 

2 

2i     "ft 

Dearborn 

20-90 

1 

Desportes 

20-30 

2 

Diamvo 

15-25 

4 

Dorset 

10-20 

3 

Duhamel 

1-10 

2 

Early  Harvest 

1-10 

1 

Easter  Beurre 

15-25 

5 

Eastern  BeDe 

10-20 

•  • . . 

2 

Fitsmater 

20-30 

;::::;;:;;i 

• .  « 

2 
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July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Nan- 

bffof 

iveeksiD 

storage. 

Fox 

1-10 
6-16 

3 

FVed.  GlftDD 

3 

French 

1-10 

1 

Gansd  Seckel 

20-30 

3 

Golden  RusBet 

1-10 

8 

Grand  Isle 

20-ao 

20-30 

1 

Hemminway. ........... 

2 

Hevst  (Emile) 

20-30 
20-30 

3 

Howell 

2 

JnnAn 

1-10 

6 

Jones 

1-10 

3 

Kieffer 

20-30 

3 

Koonoe 

1-10 

1 

Krull 

16-25 

10 

Ladv  ClaDD 

16-25 

1 

•**'***j  ■«-'«i»fr|* •■•>•• 

Lamartine. ............. 

20-30 

4 

ijawTQDoe .  ••  •*•••••*..• 

1-10 

4 

T/AWHon 

1-10 

1 

Le  Conte. 

10-20 

2 

Lemon 

15-25 

' 

1 

Uegel 

20-30 

3 

Lincoln 

16-25 

2 

Lincoln  CordesB 

16-25 

8 

IxMigworth 

1-10 
1-10 
6-16 

3 

liOuin 

2 

Louvenjal 

2 

Lucratiye 

20-30 

1 

Lucy  Duke 

20-30 
10-20 

3 

Mamate. .....  r ....... . 

2 

Malines .....  t  .....  r .  r . . 

1-10 
1-10 

4 

Monffolian 

4 

Mount  Vernon 

16-25 
10-20 

6 

Nickerson 

4 

Olivier 

1-10 

6 

Onondaca 

1-10 

2 

P.  Barry 

1-10 

8 

Peffer 

10-20 
16-25 

2 

Pitmaston 

2 

Pound 

15-25 

9 

Raymond 

20-30 

3 

Reeder 

1-10 
1-10 

* 

2 

Ritson 

2 

Romain .............. 

16-25 

1 

Roosevelt 

20-30 
20-30 

4 

Russet  Bartlett 

2 

Seckel 

«    -  ^  « 

1-10 

3 

Seneca 

20-30 

1 

Sha  Lea 

10-20 

10 

Sheldon 

1-10 
10-20 

4 

Siebold 

4 

Souvenir 

6-16 

• 

2 
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y.^. 

July. 

Aug. 

Sept, 

Oct. 

Nov. 

Dec. 

Jan. 

FA. 

Nurn- 
Wof 

mekain 

■torace- 

20-30 
15-28 

3 

1-10 

20-W 

1 

ao-30 

5-15 
&-1S 
16-25 

1-10 







PEACHES. 

Peaches  usually  b^n  to  ripen  at  this  Station  the  last  week  in 

July.    For  the  four  past  years,  which  tine  data  given  cover,  the 

average  length  of  the  peach  season  was  94  days,  the  shortest  season 

being  90  days  in  1912  and  the  longest  105  days  in  1913. 


- 

• 

- 

: 

• 

• 

Biebop  . 

• 

AtaM^. ::::::::: 

bS^..:::;:::;:::: 

■ 

Blood  LMved. 

: 

• 

• 

iffiTT.' ■.::::; 

• 

... 

i 

• 

KUv,: :::::::::: 

* 

bS^.  ■'::::::::: 

• 

5^ 

'• 

*. 

'• 

• 

Cwt-Bada 

• 

• 

Bern  Jwn 

• 

Chmpioa 

• 
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• 

1 

1  Early. 

• 

p 

i 

1 

• 

1 

1 

• 

1 

• 

a 
1 

• 

1 

> 

Ohaini 

• 

I^ederica 

CThase  Early  IVee 

G.  A.  dins 

Chflow 

* 
• 
* 

Geary 

• 

Chilow  Cliiue 

Geo.  the  4th 

• 

«     •    • 

* 

Ohivi^w^  Cllnff .   

Gold  Drop 

Chinese  Vtw 

* 

Gold  Dust 

Christiana 

• 

Gold  Medal 

Clftrimft 

Gold  Mine 

Clifton  Park 

• 

Gordon 

• 

Cobler 

* 

•  •    • 

• 

•  •    • 

•  •    • 

Goy.  Garland 

* 

•     •    ■ 

Concord 

Gov-  H«fB? 

* 

Contling 

• 

Grayes 

♦ 

•    «    ■ 

Connecticut 

Greensboro 

* 

Connet  So.  Early 

• 

Guinn 

• 

«    •    ■ 

Cool4»dff© 

* 

•    •    • 

* 
• 

Hale 

Crosby 

Heath  Free.' 

Crothera . , ,' 

Heath  Cling 

# 

]DanieI  Boone 

* 

Henrietta 

• 

]Dayidson 

* 

HUey 

* 

■     «    ■ 

• 

«    •    • 

* 

«     ■    • 
«     •    • 
•    •    • 

■    •    * 

Delaware 

* 
* 

Hill  Home  Chief 

Denton 

Hills  Chili 

•    •    * 

Dewey 

• 

Holder 

* 

•    ■    * 

Double  Crop 

Holland  Cling 

■    ■    * 

Dr.  Burton 

* 

'♦' 

Honest  John 

* 
* 
* 

Duloe 

Uorton  Riyer 

Dunn 

* 

Hynds  Yellow 

•    •    * 

Early  Beauty 

* 

Hynes  Surprise 

* 

Early  Canada 

* 

Hyslop  Clmg 

■     «    * 

Early  Charlotte 

* 

♦ 

Illinois 

•    «    * 

Early  Crawford 

Ingold 

* 

Early  Elberta 

Iron  Mountain 

• 

Early  lYee 

Jackson 

* 
* 

•     ■    • 
■     ■     * 

* 
• 
* 
* 

•  •    • 

* 

•  «     • 

* 

m     m     m 

•    ■    * 

Early  Heath 

• 

Jennie  Worthen 

Early  Michigan 

■  •  • 

Jennings 

«    ■    • 

Elarly  Riyers 

* 

Kalamaioo 

•    •    • 

Early  York 

* 
* 
• 
* 
* 
* 

* 
• 

Klondike 

Easton  Cling 

I/ftmbden 

•    •    • 

E^dsemont 

Lamont 

•     •    • 

Elberta 

Large  Early  York 

•    •    • 

Elberta  Cling 

Late  Crawiord 

•     •    " 

i* 

•   •  • 

* 

Late  Elberta 

•    •    • 

Engle 

Late  Rareripe 

•    •    • 

Eureka 

Lee 

*    •    • 

Family  Fayorite 

Leyy 

• 

Fitsgerald 

**^'  J 

Lodge 

*\... 

.  •  • 

Ford  Choice 

•  •  • 

"^o~  .■......•....•• 

Lola,  .t 

■  «  . 

Ford  Late 

Lord  Palmenston 

.  •  • 

Foster 

# 

LcMents 

• 

Fox 

McCollister 

•  • 

•  • 

.    •  •  • 

FnnodB 

•  •  • 

McIntoBh 

,    .  •  • 
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McKay  Late 

Mamie  Roes 

Marcella 

Markham 

Martiii«Sept 

Maaeey  Ydlow 

Mathew 

May  Lee  Cling 

Maule  Early 

MilUueer 

Miner  Wonder 

Moore  Favorite 

Morris  White 

Mountain  Roee 

Miineon  Free 

Newoomber 

Newington 

New  Prolific 

Niagara 

Northboro 

Old  Mixon  Cling 

Old  Mixon  Free 

Opulent 

Oriole  Cling 

Orleans 

Ostrander  Late 

O.  Z.  Cling 

Parson  Early 

Pearoe  Yellow 

Pearson 

Perfection 

PluUp  Horton 

Picquet 

Potter 

Pratt 

Prolific 

Ray 

Red  Bird 

Red  Bird  CUng 

Red  Cheek  Melocoton 

Reeves  Favorite 

R.  S.  Stevens 

Rudinga  Late 

Russell 

Salway 

Schumaker 

Scott  Nonpareil 

Sea  Eagle 


1 


• 


X 

mm* 


* 
* 


i 


* 
* 


« 

• 


* 
* 


* 
* 
* 


* 


* 


m 
* 

* 


* 
* 


« 


s 

I 


* 


* 
* 


i 

I 


Shipley  Late 

Simmons 

Slappey 

Smock 

Sneed 

Snow  Ball  Cling 

Steadly 

Stewart 

Strout 

Stump 

Success 

Sunrise 

Surpasse 

Surprise 

Susquehanna 

Switseriand 
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PLUMS. 

Domestica  plums  begin  ripening  at  Geneva  about  July  fifteenth: 
the  Tnfloras  and  Cerasiferas,  July  twentieth;  the  Munsonianas, 
Ai:^:uBt  first;  the  Americanas,  August  twentieth;  the  Insititiaa, 
September  first;  and  the  Hortulanas,  October  first. 

The  season  for  the  Domesticas  covers  about  eighty  days;  Trifloraa, 
sixty  days;  Cerasiferas,  eight  days;  Munsonianas,  thirty-six  days; 
Americanas,  twenty  dajrs;  Insititias,  thirty  days;  and  the  Hortu- 
lanas,  fifteen  dasrs. 

Hybrid  plums  show  all  of  the  variations  in  date  of  rip^ng  and 
length  of  season  to  be  foimd  in  the  parent  species. 
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The  dieny  season  b^ins  at  Geneva  with  tlie  ripening  of  eariy 
Sweet  cherries  about  June  twelftJi  followed  a  week  later  by  some  of 
the  Sour  aortg  while  the  Dukes,  or  hybrid  cherries,  are,  as  a  group, 
a  day  or  two  later  in  beginning  to  ripoi  than  Sour  diaries.  The 
length  of  the  season  for  cherries  is  about  a  month  and  is  nearly  the 
same  for  the  three  groups  though  the  Sour  and  hybrid  cberriee  last  a 
little  longer,  and  may  be  kept  considerably  longer,  than  Sweet  cherries. 
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GRAPES 

During  the  last  three  years  the  earliest  season  was  1913,  the 
first  grape  being  marked  ripe  on  the  first  of  September  while  in 
1912  the  first  was  ripe  on  the  twelfth.  The  first  week  in  October 
usually  marks  the  height  of  the  season  at  Geneva  although  in  1912 
it  was  in  the  second  week.  The  seascm  of  1913  was  an  unusually 
long  one  aUowing  most  (^  the  very  late  grapes  to  ripen.  The  last 
record  was  taken  October  twenty-seventh.  Usually  killing  frosts 
during  the  second  or  third  week  in  October  cut  off  many  of  the  latest 
sorts.  This  is  especially  true  when  ripenii^  is  delayed  by  cool  weather 
as  in  1914. 

For  a  number  of  years  as  the  grapes  were  picked  they  were  placed 
in  common  storage.  The  room  was  on  the  second  floor  so  that 
conditions  wwe  not  ideal  and  the  season  of  storage  could  probably 
have  been  prolonged  considerably  if  a  basement  room  could  have 
been  used.  The  figures  given  cover  a  variable  number  of  years 
for  the  different  varieties.  ' 
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GOOSEBERRIES. 
Gooseberries  are  picked  in  various  stagee  of  greenness  so  Uiat 
ripening  dates  for  them  mean  less  than  with  other  fruits.  As  we 
come  to  know  the  European  sorts  better,  the  demand  for  npe  goose- 
berriee  will  increase  and  the  information  in  the  following  table, 
made  up  for  most  part  of  English  sorts,  will  become  more  valuable. 
Gooseberries  b^n  ripening  at  Geneva  about  July  first  and  con- 
tinue to  ripen  from  ten  to  fifteen  days.  The  berries  of  some  European 
kinds  remain  on  the  bu^es  in  edible  condition  foe  from  ten  to  twenty 
days  after  ripening. 
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CURRANTS. 

Currants  begin  ripening  at  Geneva  the  last  week  in  June  and 
the  varieties  succeed  each  other  diuii^  a  period  of  three  weeks. 
Currants  hang  on  the  bushes  for  a  week  or  two  after  maturity  witiwnit 
great  deterioration. 
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BLACKBERRIES  AND  DEWBERRIES. 

The  blackberries  in  the  following  list  begin  ripening  about  July 
fifteenth  and  the  dewberries  a  few  days  earHer.  The  season  for 
these  two  fruits  lasts  from  20  to  30  days. 
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RASPBERRIES. 

The  Red  raspberry  season  begins  with  the  ripeDing  of  the  extra 
early  Station  seedUng,  June,  which  b  usually  ready  for  [ricking 
the  last  week  of  June.  The  hybrid  sorts,  or  Purple  Canes,  and  the 
Yellow  raspberries,  come  on  about  July  twelfth;  while  Black  rasp- 
berries start  their  season  the  first  week  in  July.  The  season  for  the 
Bed  and  hybrid  raspberries  is  from  fifteen  to  twenty  days;  for  the 
Black  raspberries,  from  ten  to  fifteen  days. 
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STRAWBERRIES. 

Strawberries  may  be  expected  to  begin  ripening  at  Geneva  about 

June  twelfth  and  the  season  to  last  from  fifteen  to  twenty  days. 

With  the  fall-bearing  sorts  there  is,  of  course,  a  second  bearing 

period  of  approximately  a  mtmth  be^nning  about  the  middle  of 
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NEW  OK  NOTEWORTHY  FKUITS.    UL* 

U.  p.  HEDRICE. 

INTRODUCTION. 

This  is  the  third  report  on  new  or  noteworthy  fruits  from  the 
New  York  Agricultural  Experiment  Station.  The  objects  of  these 
r^x}rts  are,  in  a  word^  to  describe  the  best  recent  fruit  introductions 
and  to  call  attention  to  noteworthy  sorts,  which,  though  old,  have 
not  received  the  attention  they  deserve.  The  statement  was  made 
and  discussed  at  greater  or  less  length  in  the  first  two  reports, 
that  without  new  varieties  fruit  growing  would  be  at  a  standstill 
since  old  varieties  have  not  been,  and  probably  can  not  be,  improved. 
This  fact  might  well  be  further  emphasized  but  it  seems  more  impor- 
tant in  this  third  discussion  of  new  varieties  to  set  forth,  in  the 
introductory  remarks,  the  relative  value  of  new  and  standard  varie- 
ties of  fruits  for  commercial  planting.  For,  it  is  to  be  feared,  from  the 
correspondence  that  has  followed,  that  the  varieties  described  in 
the  first  two  bulletins  on  new  fruits  have  not  been  viewed  in  the 
right  perspective  by  some  readers. 

The  tendency  on  the  part  of-  many  commercial  fruit  growers  is 
to  plant  at  once  largely  of  the  sorts  recommended  as  promising  in 
this  series  of  bulletins.  It  would  seem  from  this  that  the  description 
and  illustration  of  a  new  variety  of  fruit  in  a  Station  publication 
sometimes  invests  it  with  a  value  that  does  not  belong  to  it.  Seem- 
^^Yf  ^or  some,  such  a  publication  puts  a  premium  on  uniqueness, 
rarity  and  scarcity.  B^inners,  especially,  in  fruit  growing,  regard 
uniqueness  and  rarity  as  elements  of  intrinsic  worth  in  a  variety. 
They  are  prone  to  believe  that  that  which  is  common  is  not  desirable. 
In  particular,  men  from  the  city,  accustomed  to  the  fancy  fruits 
of  the  delicatessen  stores,  who  go  into  commercial  orcharding,  feel 
that  commonness  is  a  reproach  to  a  variety  and  set  out  to  grow 
aristocratic  fruits.  With  such  men  enthusiasm  receives  a  setback 
when  standard  sorts  are  reconunended. 

Now,  just  the  converse  is  true,  in  commercial  orchards  at  least. 
The  demand  in  the  market  is  for  common  and  well-known  fruits 

*  A  reprint  of  BuUetin  No.  403,  April,  1915. 
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and  no  matter  what  the  merit  of  a  new  fruit  may  be,  it  is  often 
difficult  to  market  it  advantageously.  Ck)n8umers  want  common 
commodities  and  not  rarities.  Keeping  in  mind,  of  course,  that 
the  different  varieties  have  different  values  in  accordance  with 
the  use  to  which  they  are  put,  it  is  safe  to  generalize  and  say  that 
the  standard  sorts  of  all  fruits  have  the  highest  value  for  both  home 
and  market  plantations. 

A  new  variety  must  be  looked  upon  as  a  speculation,  an  expaiment, 
a  "  flyer  in  futures."  A  commercial  fruit  grower  should  let  new 
varieties  stand  the  test  of  time,  demonstrate  their  value  —  in  othar 
words  become  "standard"  —  before  planting  them  extensively. 
Whatever  the  fruit,  it  is  a  truism  to  which  there  are  but  few 
exceptions  that  standard  varieties  should  form  the  basis  of  every 
good  commercial  plantation.  Here,  commonness  is  no  reproach. 
A  few  plants  of  a  few  new  varieties  will  do  no  harm.  It  is  good 
business  and  perhaps  a  duty  of  every  progressive  fruit  grower  to 
try  some  new  sorts;  but  an  orchard  made  up  wholly  of  new  varieties 
is  an  unsatisfactory  lot  of  incongruities,  as  the  fruit  plantation 
at  every  experiment  station  bears  witness. 

What  has  been  said  must  not  be  taken  as  a  condemnation  of 
new  varieties.  Such  an  attitude  would  be  unjust  —  would  be 
setting  oneself  against  progress.  The  purpose  of  these  introductory 
remarks  must  not  be  mistaken.  We  aim  only  to  protest  against 
the  idea,  now  quite  too  conmion,  that  new  varieties  in  large  num- 
bers should  be  set  in  commercial  orchards  with  the  hope  that  their 
rarity  and  possibly  some  new  and  wonderful  characters  that  they 
possess  will  make  them  more  profitable  than  the  standard  sorts. 
Despite  the  many  new  fruits,  Baldwin,  Bartlett,  Elberta,  Mont- 
morency, Napoleon  and  Bradshaw  are  still  the  most  valuable  varie- 
ties of  tree  fruits  for  commercial  planting  in  New  York;  and,  similarly, 
speaking  generally,  the  most  profitable  small  fruits  are  those  that 
have  a  reputation  as  money-makers. 

It  is  quite  another  thing  for  connoisseurs  and  amateur  fruit  growers 
to  plant  new  varieties.  They  grow  fruit  for  the  love  of  the  work. 
To  them  the  orchard  often  exists  for  the  new  and  rare  things  that 
they  can  put  in  it.  Such  fruit  growing  is  a  pleasant  diversion  and, 
in  a  broad  way,  a  profitable  one,  through  the  knowledge  obtained 
of  varieties,  for  all  planters  of  fruit.  It  is  readily  comprehensible 
that  connoisseurs  and  amateurs  want  all  of  the  promising  new  varie- 
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ties.  We  care  not  how  much  the  discussion  of  new  fruits  may 
kindle  the  admiration  and  awaken  the  passion  for  collecting  in 
the  connoisseur.  The  appeal  in  this  case  is  to  the  palate  and  to 
the  aesthetic  senses  and  not  to  the  pocketbook. 

The  publication  of  these  reports  on  new  fruits  is  bringing  up 
another  matter  for  discussion.  Many  fruit  growers  want  to  plant 
new  varieties  in  greater  or  less  numbers  but  object  to  the  high  price 
asked  by  nurserymen  for  novelties.  This  is  unjust  to  the  nursery- 
mesa.  It  costs  much  to  buy  or  breed  a  new  variety,  propagate 
it  and  get  it  on  the  market.  In  particular,  it  is  exi)ensive  to  advertise 
the  merits  of  a  new  horticultural  product  in  these  da3^  when  de- 
scriptions are  pitched  in  the  high  key  which  nurserymen  use  in 
singing  the  praises  of  thdr  wares.  It  should  be  expected,  too, 
that  varieties  which  are  new  and  scarce  will  cost  more  than  those 
long  and  commonly  propagated.  This  is  but  obedience  to  the 
law  of  supply  and  demand.  For  these  reasons  a  nurseryman  has 
a  right  to  levy  toll  on  the  fruit  grower  through  a  higher  price  for 
recent  introductions. 

With  the  mild  caution  to  fruit  growers,  then,  to  make  haste 
slowly  in  planting  commercially  the  promising  new  fruits  of  these 
buUetinSy  we  pass  to  the  task  of  describing  several  of  the  most 
worthy  fruits  now  on  probation  at  this  Station.  Before  doing 
this,  however,  it  may  be  well  to  state  the  number  of  fruits  com- 
peting in  the  test  with  those  here  described.  In  its  effort  to  try 
every  fruit  offered  by  American  nurserymen  suited  to  New  York, 
this  Station  was  growing,  in  1914,  varieties  in  number  as  follows 
Apples,  412;  pears,  276;  quinces,  18;  peaches,  394;  nectarines,  34 
apricots,  47;  plums,  296;  cherries,  99;  grapes,  404;  currants,  33 
raspberries,  70;  blackberries,  41;  gooseberries,  63;  strawberries,  114 
total  number  of  named  varieties,  2,301. 

PEACH. 

Niagara  is  a  variant  of  a  peach  which  all  growers  lament  as  bemg 
less  and  less  grown,  the  Crawford.  The  Crawford  group,  though 
a  dcHninant  type,  is  a  little  too  capricious  as  to  soil  and  climate 
to  suit  the  needs  of  commercial  peach  growers,  failing  to  bear  r^ularly 
or  abundantly  in  any  but  choicely  good  peach  soils.  For  this  reason 
the  once  very  popular  Early  and  Late  Crawfords  are  now  seldom 
grown.    All  who  have  known  these  varieties  and  others  of  their 
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group  regret  that  a  sort  of  their  type,  without  their  failings,  haa 
not  yet  come  to  light.  In  New  York  the  best  of  the  comparatively 
new  Crawford-Uke  peaches  is  the  Niagara,  said  to  be  a-  seedling 
of  one  of  the  Crawfords.  It  ripens  a  little  later  than  Early  Crawford, 
averages  rather  larger,  is  borne  more  abundantly  and  holds  its  size 
better  to  the  end  of  the  season;  but  its  great  point  of  merit,  as 
compared  with  other  Crawfords,  is  that  it  is  more  dependable  in 
all  tree-characters,  being  especially  less  capricious  as  to  soil  and 
climate.  Niagara,  as  the  color  plate  shows  it,  is  a  beautiful  fruit, 
yellow,  with  a  handsome  over-color  of  red.  The  flesh,  too,  is  very 
attractive  —  yellow,  thick  and  firm,  with  a  rich,  sweet  flavor  which 
makes  it  one  of  the  most  palatable  peaches  of  its  season.  It  is, 
as  are  most  of  its  t3q)e,  a  freestone.  Niagara  is  liable  to  fail  in 
productiveness  in  some  localities,  having  in  this  respect  the  fault 
of  all  its  tribe;  but  it  should  have  a  welcome  place  in  any  home  col- 
lection and,  where  it  proves  productive,  is  one  of  the  best  for  general 
market. 

Niagara  probably  came  originally  from  Maryland  to  Julius  Harris 
of  Ridgeway,  New  York.  Later,  it  was  sold  to  a  grower  near  Lock- 
port,  New  York,  who  disposed  of  it  to  a  Mr.  Corwin  of  Newfane, 
Niagara  County,  New  York,  who  called  it  Corwin's  Crawford. 
It  then  came  into  possession  of  the  Rogers  Nurseries,  Dansville, 
New  York,  from  whom  this  Station  received  its  trees  under  the 
name  of  Niagara. 

Tree  large,  upright,  productive;  branchee  stocky,  reddish-brown  mingled  with 
ash-gray;  leaves  six  and  three-fourths  inches  long,  one  and  three-fourths  inches  wide, 
broad-oval  to  obovate,  dull,  dark  green,  rugose;  flower  buds  large,  long,  conical; 
flowers  one  inch  across,  pale  pink.  Fruit  matures  early  in  Septemb^;  a  little  smaller 
than  Elberta,  roimdish-oordate,  somewhat  compressed,  halves  nearly  equal;  cavity 
deep,  wide;  suture  shallow;  apex  pointed  or  rounded;  color  greenish-yellow  becoming 
orange-yellow  with  stripes  and  splashes,  often  becoming  dark,  dull  red  over  a  speckled 
ground  of  lifter  red  forming  a  deep,  dull  blush;  pub^oenoe  short,  thick;  skin  thick, 
tough,  adherent  to  the  pulp;  flesh  yellowish,  tinged  with  red  at  the  pit,  juicy,  tender, 
sweet  and  rich;  good  in  quality;  stone  free. 

GRAPE. 

Muscat  Hamburg  is  a  European  grape  well  known  m  some  parts 
of  America  in  greenhouse  graperies  since  it  is  the  best  of  its  kind 
for  forcing.  All  horticulturists  had  come  to  believe  that  it  is 
impossible  to  grow  varieties  of  the  exotic  Viiis  vinifera  out  of  doors 
in  eastern  America  but  experiments  at  this  Station  during  the 
last  six  years  with  over  a  himdred  varieties  of  this  foreign  fruit 
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show  that,  when  grafted  on  roots  resistant  to  phylloxera,  sprayed 
for  fungi  and  given  some  protection  in  the  winter,  many  European 
grapes  can  be  well  grown  in  New  York.  Among  the  best  of  these 
is  the  Muscat  Hamburg.  All  who  know  the  beautiful  fruits  of 
this  variety  grown  in  the  forcing  houses  will  want  to  test  this  variety 
out  of  doors,  where  they  have  done,  at  this  Station,  scarcely  less 
well  than  indoors,  many  clusters  attaining  the  weight  of  a  pound 
and  a  half  to  two  pounds.  The  accompanying  color  plate,  the 
fruit  much  less  than  half  the  natural  size,  shows  what  a  splendid 
grape  Muscat  Hamburg  is  in  our  vineyards.  One  is  struck  with 
wondering  admiration  at  a  vine  laden  with  these  grapes  growing 
alongside  Concord,  Niagara  or  Delaware.  The  quality  is  most 
delectable  —  the  quintessence  of  the  flavors  and  aromas  which 
make  the  grape  a  favorite  fruit.  The  grapes  keep  long  and  retain 
their  form,  size,  color  and  rich,  delicate  flavor  almost  to  the  ^d. 
This  variety  should  prove  a  treasure  to  the  amateur;  and  the  pro- 
fessional who  wants  another  grape  for  local  market  should  try 
grafting  over  a  few  vines  of  some  native  to  this  European  sort. 
This  having  been  done,  he  must  keep  down  fungi  by  spraying  and 
protect  the  vines  in  the  fall  by  bending  them  over  and  covering 
lightly  with  earth.  With  this  simple  treatment  almost  anyone 
who  can  grow  vines  may  enjoy  the  luxury  of  greenhouse  grapes 
grown  out  of  doors. 

The  variety  is  an  old  one,  long  known  in  Europe  and  one  of  the 
most  highly  esteemed  for  growing  under  glass.  It  has  many 
synonyms  but  is  well  known  by  growers  of  European  grapes  under 
the  name  of  this  discussion. 

Vioe  vigorous,  tender,  needs  protection  during  the  winter,  productive;  canes  long, 
numerous,  slender  to  medium,  fight  brown,  darker  at  the  nodes  which  are  enlarged 
and  flattened;  UoLveB  medium  to  large,  intermediate  in  thickness;  upper  surface  light 
green,  dull;  lower  surface  pale  green,  faintly  pubescent,  densely  hairy.  Fruit  ripens 
in  early  October,  ships  and  keeps  well;  clusters  very  large,  long,  broad,  tapering, 
single  or  doublendiovddered.  Berries  large,  firm,  oval,  very  dark  purplish-red,  covered 
with  lilac  bloom,  very  persistent;  sldn  thick,  adheres  strongly  to  the  pulp;  flesh  pale 
green,  translucent,  meaty,  very  juicy,  tender,  vinous,  musky,  sweet,  rich,  very  good 
to  best;  seeds  separating  easily  from  the  pulp,  larga 

CHERRY. 

Lambert  originated  in  Oregon  and  is  now  a  standard  variety 
in  its  native  State  but  is  still  on  probation  in  eastern  America. 
It  is  a  Bigarreau,  a  seedling  of  Napoleon  by  Black  Heart,  and  a 
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worthy  rival  of  its  parents  in  most  respects  and  superior  in  some. 
In  appearance  Lambert  is  more  like  Black  Heart  tiian  Napoleon, 
having  much  the  same  shape  and  color  as  the  first  named,  but  is 
larger,  more  rotund,  smoother  and  brighter  —  one  of  the  handsomest 
of  the  dark-colored  Sweet  Cherries.  The  flesh  and  flavor  leave 
little  to  be  desired.  The  flesh  is  purple-red,  marbled  with  lighter 
red,  firm,  meaty  and  juicy,  with  a  sweet  but  pleasantly  acidulous, 
rich  flavor  that  at  first  taste  one  marks  as  good.  It  is,  too,  very 
good  in  cookery.  The  tree  is  strong,  vigorous,  healthy,  and  usually 
fruitful  and  regular  in  bearing.  The  fruit  hangs  in  great,  loose 
clusters,  often  a  dozen  or  more  cherries  to  a  fhiit-spur.  The  leaves 
are  remarkably  large  and  dark  green,  the  foliage  betokening  the 
vigor  of  the  variety.  Tree  and  fruit  elicit  praise  from  all  admirers 
of  orchard  products.  Lambert  is  well  worth  testing  for  either 
home  or  market,  wherever  Sweet  Cherries  can  be  grown.  It  is  to 
be  hoped  that  it  finds  a  congenial  soil  and  climate  in  many  parts 
of  New  York. 

Lambert  originated  as  a  seedling  under  a  Napoleon  tree  which 
was  planted  by  the  late  Henderson  LeweUing  about  1848  in  the 
orchard  of  J.  H.  Lambert,  Milwaukee,  Oregon.  A  Black  Heart 
tree  stood  near  the  Napoleon  and  is  supposed  to  be  the  other  parent 
of  the  Lambert.  The  seedling  was  grafted  to  May  Duke  and  later 
transplanted.  About  1880  the  top  died  and  a  sprout  from  the 
seedling  stock  formed  a  new  top.  This  sprout  was  the  origin  of 
the  Lambert. 

Tree  medium  to  large,  upright-spreading,  very  productive;  branches  smooth,  doD 
reddish-brown,  with  numerous  lentioels;  leaves  large,  oval  to  obovate,  thin;  bloomiiig 
season  iihort,  intermediate  in  time;  flowers  large,  one  and  one4ourth  inches  across, 
borne  usually  in  twos.  Fruit  matures  in  mid-season;  one  inch  in  diameter,  roundish- 
cordate,  compressed;  cavity  rather  deep;  color  very  dark  red  changing  to  reddish* 
black;  stem  tinged  with  red,  slender,  long,  adha:ent  to  the  pulp;  flesh  daric  red,  with 
scant,  dark  red  juice,  meaty,  firm,  pleasant  flavored,  sweet;  very  good  in  quality; 
stone  clinging,  large,  wide,  ovate. 

PLUM. 

The  Late  MuscateUe  plum  was  imported  from  Germany  in  1900 
by  the  United  States  Department  of  Agriculture  and  was  soon 
after  obtained  by  the  Goieva  Station  for  testing.  It  has  been 
fruiting  for  ten  years  on  our  grounds  and  has  come  to  be  regarded 
as  one  of  the  best  late  plums  out  of  the  500  or  more  that  have  been 
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fruited  with  it.  llie  plums  are  large,  roundish  and  somewhat 
truncate,  giving  the  fruits  a  pleasingly  rotund  shi^e.  In  color  the 
plums  are  a  beautiful  purple-brown,  slightly  splashed  and  mottled 
with  russet.  The  skin  is  thicker  and  tougher  than  one  wishes  in 
a  firstndass  dessert  plum  but  on  the  other  hand  these  qualities  are 
valuable  assets  in  shipping.  The  flesh  is  tender,  meaty,  firm,  juicy, 
sweet  and  delicious,  characters  that  give  the  variety  high  rank  m 
quality  among  all  plums.  Another  pleasing  characteristic  is  that 
the  flesh  is  about  the  freest  from  the  stone  of  all  plums.  As  a  culinary 
fruit  it  can  hardly  be  surpassed.  Late  Muscatelle  is  one  of  the 
latest  to  ripen  and  keeps  well,  but  if  kept  too  long  the  fruit  shrivels 
8(Mnewhat.  The  trees  are  hardy  and  relatively  free  from  insects  and 
diseases,  but  on  the  grounds  of  the  Station  are  not  quite  as  vigorous 
as  one  could  wish.  For  home  use  and  local  market  trade,  Late 
Muscatelle  is  certain  to  prove  a  valuable  variety  and  it  may  have  a 
place  for  the  general  market. 

Of  the  history  of  this  plum  we  can  say  little  beyond  that  it  is  an 
old  European  sort  having  several  synonyms  in  the  pomologies  of 
continental  Europe.  In  Germany,  in  particular,  it  seems  to  be 
highly  esteemed  and  widely  distributed. 

Tree  medium  in  siie  and  yigor,  uprightrflpreading,  dense-topped,  hardy,  productive; 
branches  numerous;  leaves  of  medium  siie,  thickness  and  color,  slighUy  pubescent; 
flowers  tsppetLnog  after  the  leaves,  blooming  in  mid-season,  one  inch  across,  usually 
in  pairs.  Fruit  matures  the  latter  part  of  September;  medium  to  large  in  siie,  roundish, 
di^tly  truncate,  halves  nearly  equal;  ccdor  purplish-brown,  speckled  and  splashed 
about  the  base  with  russet;  stem  of  medium  thickness  and  length,  adhering  strongly 
to  the  fruit;  skin  rather  tough,  separating  readily  from  the  pulp;  flesh  greenish-yellow, 
iuicy  shi^Uy  strini^,  &m,  pleasant  flavored,  aromatic,  sweet;  good  to  very  good; 
stone  small,  free,  rradish. 

GOOSEBERRY. 

Industry  is  an  old  and  noteworthy  English  gooseberry  which  re- 
ceives notice  in  this  bulletin  because  it  is  the  most  popular  in  this 
country  of  all  the  English  kinds.  It  is  in  demand  for  home  use, 
by  canneries,  and  in  the  opoi  market.  The  bushes  are  strong, 
stocky,  vigorous  growers  and  are  among  the  most  productive  in 
America  of  all  the  English  gooseberries.  The  habit  of  the  bush, 
character  of  foliage  and  shoots  and  appearance  of  the  fruit  are 
distinctly  European.  The  greatest  fault  with  this,  as  with  all 
English  varieties,  is  the  tendency  to  mildew,  but  for  the  past  eight 
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years  both  plants  and  fruit  have  been  remarkably  free  from 
on  the  grounds  of  this  Station.  The  berries  are  of  large  size,  round- 
ish-oblong, slightly  hairy  and  when  mature  are  a  rather  attractive 
dark  red,  the  fully  ripe  berries  ranking  high  in  quality.  The  fruit, 
when  grown  for  the  cannery,  is  usually  harvested  before  the  red 
tinge  makes  its  appearance.  In  seasons  of  intense  sunshine  the 
berries  may  scald  on  the  bushes.  It  is  surprising  that  goosebeny 
growers  have  not  more  generally  planted  this  variety. 

Industry  was  first  grown  by  Robert  Wyndham  in  northern  Ekigland 
early  in  the  Nineteenth  Century.  It  was  disseminated  in  this  coun- 
try by  Ellwanger  A  Barry,  Rochester,  New  York,  about  1885  and 
at  the  present  time  is  listed  by  nearly  all  nurserymen. 

Buflhes  laige  with  age,  vigorous,  stocky,  uprigfati  haidy,  productive;  canes  and 
branches  thidc,  compact,  dark  brownish-red  nearly  entirely  covered  with  grayish 
scarf-skin,  the  younger  wood  lighter  in  color;  spines  long,  numerous.  Leaves  cordate 
to  o^vate,  thick,  dark,  glosf^  green,  with  broadly  crenate  margins.  Flowers  large, 
in  ones  and  twos.  Fruit  matures  early  in  July;  large,  roundish-oblong,  attractive, 
dark  but  rather  dull  wine  red,  slightly  hairy,  with  thin,  tough  skin;  flesh  jui^y,  firm, 
sweet  and  pleasantly  flavored  at  full  maturity;  very  good  in  quality. 

RASPBERRIES. 

Black  Pearl  is  the  most  promising  of  the  new  varieties  of  black 
raspberries  fruiting  on  the  Station  ground  in  1914.  It  has  not 
been  tested  long  enough  to  recommend  it  unqualifiedly  for  com- 
mercial plantations;  but  if  it  should  maintain  in  other  localities 
the  high  mark  of  excellence  attained  at  this  Station,  the  variety 
will  soon  stand  at  the  front  among  black  raspberries.  It  is  es- 
pecially remarkable  for  its  hardiness.  During  the  past  two  years 
there  has  been  almost  no  winter  injury  with  the  thermometer  twice 
at  14  degrees  below  zero.  The  bushes  are  all  that  could  be  desired 
in  vigor  and  productiveness  while  the  foliage,  though  small,  is  healthy, 
as  indicated  by  its  luxuriant,  dark  green  color.  Up  to  the  present, 
the  canes  have  been  but  slightly  attacked  by  anthracnose.  The 
berries  are  large  although  somewhat  variable  in  size,  a  deep^  glossy 
black,  ship  well,  are  pleasantly  sprightly  and  rank  good  in  quality. 
The  season  is  early,  the  berries  maturing  a  week  or  more  before 
Gregg.  All  indications  are  that  the  variety  has  come  to  stay  as  a 
commercial  sort.  Certainly  it  is  worth  growing  in  a  home 
collection. 
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Black  Pearl  is  a  chance  seedling  found  in  a  planting  of  Kansas 
in  1005  by  Herman  Krumrei,  St.  Joseph,  Missouri,  and  was  intro- 
duced by  Holsinger  Bros.,  Rosedale,  Kansas,  in  1907.  In  the  west 
it  is  said  to  be  more  resistant  to  drought  than  other  varieties. 

Plants  vigorous,  upright,  very  productive,  hardy;  caneB  stocky,  numerous,  dull 
browniah-rea,  oftea  with  heavy  bloom;  spines  slender.  Leaves  small,  dark  greoi, 
mgoee,  heavfly  pubescent  beneath.  Flowers  bloom  early,  in  short,  compact  clusters; 
petals  small,  oval,  tapering  to  rather  long,  narrow  daws.  Fruit  matures  early;  large, 
regalax  in  shape,  with  drupes  of  medium  sise,  not  inclined  to  crumble,  attractive 
black,  with  sliest  pubescence,  juicy,  somewhat  seedy;  flavor  sprightly;  good  in  quality. 

Marldon,  a  most  promising  new  red  raspberry,  was  described  in 
Bulletin  No.  298  as  a  Station  seedling  of  merit.  Plants  were  distrib- 
uted during  the  spring  of  1908.  Since  that  time  the  variety  has 
continued  to  make  good  on  the  grounds  of  this  Station  and  reports 
received  from  growers  in  other  parts  of  the  State  indicate  that  it 
may  fill  most  acceptably  a  place  for  commercial  purposes  in  the 
season  between  June  and  Cuthbert.  The  bushes  of  Marldon  are  of 
Marlboro  type  though  more  vigorous  and  stockier.  Plants  develop 
rapidly  from  numerous  suckers  and  on  this  account  care  should  be 
taken  as  to  distance  of  planting  and  in  pruning  or  the  plants  will 
soon  become  crowded  and  the  size  and  quantity  of  the  fruit  thereby 
be  diminished.  The  berries  are  large,  retain  their  size  well  as  the 
season  advances  and  most  of  the  fruit  matures  during  a  short 
p^od  —  one  of  the  reasons  why  it  fits  so  well  between  June  and 
Cuthbert.  The  color  is  a  handsome  dark  red  and,  while  the  berries 
'are  not  as  sweet  nor  as  high-flavored  as  the  best  standard  varieties, 
the  quality  ranks  above  the  average.  Because  of  the  hardiness, 
vigor,  and  productiveness  of  the  bushes  and  the  large  size  and  hand- 
some color  of  the  fruit,  Marldon  is  worthy  of  a  trial  as  a  commercial 
sort  in  all  parts  of  New  York. 

Marldon  is  one  of  the  four  promising  seedlings  retained  out  of 
1191  plants  the  breeding  of  which  was  b^un  by  this  Station  in 
1897.  The  parents  of  Marldon  were  Marlboro  X  Loudon.  As 
already  stated,  the  variety  was  disseminated  in  the  spring  of  1908 
among  about  200  commercial  growers  of  raspberries.  Very  prom- 
ising reports  have  been  received  from  many  of  these  growers  and 
in  some  localities  it  is  already  rated  as  a  valuable  variety  for  com- 
mercial purposes.  Plants  of  this  variety  are  no  longer  available 
from  this  Station.    A  number  of  nurserymen  are  growing  the  Marl- 
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don  and  stock  should  soon  be  available  from  them  or  from  the  growers 
who  first  received  stock  from  this  Station. 

FUntfl  vigorous,  upright,  hardy,  produetiTe,  healthy;  eaaes  more  vigorooB  aad 
atockier  than  either  Marlboro  or  Loudon,  light  Ivo^iiah-gray;  priekka  slender, 
weak,  few  in  number.  Leaves  oblong-oval,  thick,  dark  green,  rugose.  Fkiwcn 
large;  petals  smaQ,  oval,  tapering  to  short,  broad  daws.  Fruit  matures  in  mid- 
season,  about  one  week  earlier  than  Cuthbert;  large,  uniform  in  siae,  with  rather 
large,  numerous,  coherent  drupes,  handsome  dark  red,  juicy,  firm,  pleasantly  qvigjitly; 
fair  to  good. 

STRAWBERRY. 

Amanda  has  been  under  observation  at  this  Station  for  several 
years,  having  first  fruited  in  1908.  Every  year  the  fruit  has  at- 
tracted attention  because  of  its  desirable  qualities.  We  now  have 
no  hesitation  in  recommending  Amanda  for  trial,  both  for  home 
use  and  for  commercial  purposes.  Sufficient  room  must  be  given 
both  for  rows  and  plants  as  the  runners  are  produced  in  great  num- 
bers. The  plants,  although  vigorous  and  ranking  among  the  most 
productive  of  over  one  hundred  varieties,  are  somewhat  susceptible 
to  leaf  spot  under  unfavorable  conditions.  The  blossoms  are  per- 
fect and  open  in  mid-season  or  later,  usually  after  danger  from  late 
spring  frost  is  past.  The  great  asset  of  Amanda  is  the  fruit.  The 
berries  ripen  in  mid-season,  are  large  and  hold  up  remarkably  well 
throughout  the  ripening  season.  The  color  varies  from  light  to 
dark  scarlet  depending  on  the  stage  of  maturity  and  is  always  glossy 
and  attractive.  In  shape,  the  berries  are  usually  a  distinct  blunt- 
wedge  although  roundish-conic  forms  may  be  found  among  them. 
The  flesh  is  firm  enough  to  stand  the  wear  and  tear  of  distant  ship- 
ments and  its  color  is  good  to  the  very  center.  There  is  enough 
acidity  of  flavor  to  give  sprightliness  which,  combined  with  other 
characters,  makes  the  variety  rank  high  in  quality.  Amanda  is  well 
worthy  of  trial  for  home  but  more  particularly  so  for  market. 

This  variety  was  originated  by  Z.  T.  Mumma  of  Blufftown,  Ohio, 
in  1904,  by  crossing  Sample  with  pollen  from  Maximus.  It  was 
introduced  by  Mr.  J.  Whitt,  Vermillion,  Ohio,  in  1910,  and  is  already 
catalogued  by  a  number  of  nurserymen. 


Plants  very  numerous,  vigorous,  somewhat  susceptible  to  leaf  spot,  veiy  pro- 
ductive; leaves  of  average  sise  and  color;  leafHstalks  long,  medium  to  slender;  floMS 
perfect,  blooming  in  mid-season  or  later.  Fiuit-stems  long,  thick,  branched,  erect; 
calyx  of  medium  sise,  sometimes  somewhat  discolored,  sunken  or  flattoied;  frait 
matures  in  mid-season;  large,  retains  its  siie  well  to  the  dose  of  the  lipening  period, 
wedgendiaped  to  roundish-conic,  g^osqr,  light  to  dark  scMlet;  seeds  strongly  depressed: 
flesh  well  colored  to  the  center,  very  linn,  pleasantly  add,  agreeably  flawed;  good 
in  quality. 


SECOND  DISTRIBUTION  OF  STATION  APPLES.* 

U.  p.  HEDRICK. 

The  New  York  Agricultural  Experiment  Station  distributed 
twelve  varieties  of  apples  in  1914.  We  have  for  the  season  of  1915 
six  additional  sorts  that  we  are  desirous  of  having  tested  in  various 
parts  of  the  State.  These  varieties,  as  were  the  twelve  sent  out 
last  year^  are  the  outcome  of  experimental  work  in  plant  breeding. 
Th^  have  been  grown  and  compared  with  practically  all  of  the 
standard  sorts  of  their  kind  and  are  equal  or  superior  in  one  or  more 
respects  to  I4>ples  of  their  season,  as  grown  on  the  Station  grounds. 
The  distribution  of  these  varieties  is  undertaken  that  we  may 
ascertain  their  value  and  adaptability  in  the  different  fruit  regions 
of  New  York.  A  fuller  description  of  most  of  the  varieties  Usted 
has  been  published  in  Bulletin  No.  350  from  this  Station. 

TERMS  OF  DISTRIBUTION. 

There  are  no  restrictions  upon  recipients  of  plants  as  to  further 
distribution  of  the  varieties  by  sale  or  otherwise.  If  the  fruits 
prove  meritorious,  it  is  desired  that  th^  be  generally  disseminated 
as  quickly  as  possible.  We  only  ask  that  those  who  receive  the 
plants  report  to  the  Station,  in  regard  to  the  behavior  of  the  varieties, 
on  blanks  which  will  be  furnished  when  the  plants  come  in  betuing. 

The  trees  are  sent  without  charge  but  the  recipient  must  pay 
expressage.    Applicant  must  ^ve  both  mail  and  express  addresses. 

The  Station  reserves  the  right  to  make  a  choice  of  growers  to 
whom  the  trees  will  be  sent.  This  choice  will  depend  chiefly  upon 
priority  of  application  and  upon  the  number  of  applicants  from  a 
locality. 

Only  one  tree  of  a  variety  can  be  sent  to  an  applicant,  but  it  is 
desired  that  a  person  receiving  any  should  receive  all  of  the  varieties, 
that  a  comparative  test  may  be  made  of  them. 

The  trees  have  been  fumigated  and  the  tops  have  been  dipped  in 
an  insecticide,  but  the  Station  does  not  guarantee  them  to  be  free 
from  San  Jos6  scale. 

Address  aU  correspondence  regarding  these  new  fruits  to  the 
Horticultural  Department,  New  York  Agricultural  Experiment 
Station,  Geneva,  N.  Y. 

STATION  APPLES. 

Chantauqua  (EsopuB  X  Ben  DaviB). — Tree  yigorous,  upright-spreading,  danae- 
topped,  pFodactive.    Seaaon,  Janiuury  to  May;  medium  to  above  in  aiae,  roundiflli- 

*  A  reprint  of  Circular  No.  37,  February  15,  1915. 
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oooic  to  roundiah-obbte,  wMnefwhat  ribbed,  often  oblique  and  with  unequal  ades; 
color  groeniflh-yeUow,  overspread  with  a  mottled,  dark  dull  red,  heavily  splashed 
with  carmine,  prevailing  effect  red;  flesh  greenish-yellow,  firm,  coarse,  crisp,  juicj, 
subacid;  good  in  quality.  The  fruit  of  tlus  cross  is  the  type  of  Esopus,  often  with  a 
deeper  odor,  with  flesh-eharacters  at  first  somewhat  like  the  male  parent  but  improving 
as  ibB  season  advances.  The  shallow  and  often  greenish  cavity  with  its  long,  s&Nider 
ftem  resembles  Rome.  Worthy  of  test  on  account  of  sise  of  fruit  and  lateness  of 
season,  although  in  some  Boaiions  the  color  is  somewhat  dull  and  the  flesh  affected  with 
Baldwm  spot. 

Cortland  (Ben  Davis  X  Mcintosh). — Tree  of  medium  vigor,  drooping,  dense- 
topped,  productive.  Season,  November  to  February;  above  medium  in  sise,  roundish- 
oblate,  ribbed,  unifonn:  color  greenish-yeUow  overspread  with  bri^t  red,  daiker 
on  the  sunny  side,  splashed  and  striped  with  carmine;  flesh  whitish,  oiteo,  with  dight 
tinge  of  pink,  fine-grained,  crisp,  tender,  juicy,  subacid,  aromatic;  of  good  quality. 
In  appearance  Gortiand  closely  resembles  Mcintosh  in  color,  shape  and  flesh  characterB. 
It  promises  to  be  a  valuable  commercial  i^iple  of  the  BiCcIntosh  type. 

Onondaga  (Ben  Davis  X  Mcintosh). — Tree  not  very  vigorous,  upright,  denae- 
topped,  productive.  Season,  November  to  January;  above  medium  in  sise,  roundish- 
conic,  irregular;  colw  greenish-yeUow,  almost  entirely  overspread  with  dark  McLntoBh 
red,  darker  on  the  sunny  side,  spladied  and  mottled  with  dark  carmine,  prevailing 
effect  dark  red;  flesh  tinged  with  yellow,  firm,  crisp,  tender,  juioy,  sprightly  subadd, 
aromatic;  of  good  quality.  This  apple  is  very  attractive  in  color  and  in  sise  and  is 
at  least  desirable  for  cooking  and  would  doubtless  be  relished  by  most  persons  as  a 
dessert  fruit.  It  is  the  general  type  of  Mcintosh  externally  except  that  it  is  slightly 
more  conic. 

Oswego  (Sutton  X  Northern  Spy). — Tree  vigorous,  upright-spreading,  dense- 
t<q>ped,  productive.  Season,  December  to  April;  Urge,  roundish-conic,  ribbed,  sides 
unequal;  color  sreenish-yellow  overspread  with  dull  pinkish  red,  splashed  and  striped 
with  darker  red,  prevaiUng  effect  dull  red;  flesh  yellowish,  firm,  crisp,  tender,  jui<7, 
brisk  subacid;  very  good  in  quality.  Oswego  resembles  Northern  Spy,  though  larger, 
more  conical,  and  Mghter  in  odor.  The  flesh,  in  color  and  texture,  resembles  Spy 
but  the  flav(x>,  while  equal  to  that  variety,  is  not  that  of  the  Spy. 

Schenectady  (Ben  Davis  X  Mother).  —  Tree  vigorous,  upright,  dense-topped, 
productive.  Season,  November  to  January;  large,  roundish-conic,  sides  unequal, 
ribbed;  color  greenish-yeUow  overspread  with  bri^t  red,  mottled  and  sphahed  with 
carmine,  prevailing  effect  red;  flesh  yellowish,  firm,  coarse,  crisp,  tender,  juu^,  subacid; 
of  good  quality.  This  new  variety  is  remarkably  attractive,  its  sue,  shape  and  color, 
all  being  most  pleasmg.  It  is  not  quite  high  enough  in  quality  to  be  called  a  first- 
class  dessert  fruit,  but  it  is  much  better  than  Ben  Davis  and  is  a  splendid  apple. 

Tioga  (Sutton  X  Northern  Spy). — Tree  very  vigorous,  uprightnqireading,  dense, 
medium  productive.  Season,  December  to  March;  Urge,  oblate-conic,  ribbed,  i^ym- 
metrical;  color  pale  yellow,  blushed,  mottled  and  faintly  splashed  with  pinkish-red, 
prevailing  effect  yellowish;  flesh  yellowish,  firm,  coarse,  crisp,  juicy,  brisk  subacid; 
of  good  quality.  A  most  promising  variety  because  of  its  handsome  appearance  and 
high  quality.  The  fruit  is  of  Northern  Spy  type  in  ahi^ie  but  is  unlike  either 
parent  in  color. 


STRAWBERRY  VARIETIES.* 

O.  M.  TAYLOR. 

INTRODUCTION. 

This  bulletin  is  a  report  on  varieties  of  strawberries  tested  at  this 
Station  during  the  past  three  years.  The  kinds  grown  include 
newer  varieties,  with  standard  commercial  kinds  for  purposes  of 
comparison.  Both  plant-  and  fruit-habits  will  vary  in  other  localities 
under  different  climatic  and  soil  conditions  and  it  cannot  be  expected 
that  the  varieties  which  have  made  such  a  favorable  record  here  will 
all  do  equally  well  elsewhere,  and  doubtless  some  which  are  reported 
as  failures  will  develop  better  in  other  places.  It  is  not  necessary  at 
this  time  to  discuss  in  detail  selection  of  varieties  or  cultural  treat- 
ment. These  subjects  are  included  in  a  circular  of  this  Station/ 
All  varieties  received  the  same  general  treatment  during  the  three 
years,  the  matted-row  sjrstem  being  followed.  Due  allowance  should 
be  made  for  fall-bearing  kinds  which  were  treated  in  all  respects  as 
the  other  varieties  and  were  not  tested  with  reference  to  their  fall- 
bearing  value.  The  soil  at  this  Station  is  a  rather  cold,  heavy, 
clay  loam,  not  naturally  well  adapted  to  the  strawberry. 

Temperature  and  rainfaU, —  Climatic  conditions  are  controlling 
factors  in  plant  and  fruit  development.  Variations  in  character  of 
growth  are  at  times  directly  attributable  to  variations  in  temperar 
ture  and  rainfall.  For  this  reason  it  is  important  to  know  the 
conditions  under  which  strawberry  varieties  have  been  grown. 
Differences  in  moisture  conditions  are  exceedingly  variable  in  dif- 
ferent localities  during  the  same  season  or  even  in  the  same  locatity 
during  different  months  of  the  same  year  or  during  the  same  month 
of  different  years.  As  this  bulletin  deals  with  the  behavior  of  var 
rieties  on  the  grounds  of  this  Station  the  following  table  is  given  to 

^Cireular  No.  31«  Strawberries. 

*  A  reprint  of  Bulletin  No.  401,  March,  1915. 
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show  the  local  conditions  of  heat  and  moisture  during  the  most 
important  months  of  growth  of  the  strawberry. 

AvBBAGB  Tempbratubs  AND  ToTAL  Raikfauj  Dubino  Qbowxng  Sbasoh. 

(Experiment  Station,  Geneva,  N.  Y.) 


April 

May 

June 

July 

Aucnst 

Sept. 

Oet. 

Yew 

Av. 

Tot. 

• 

Av. 

Tot. 

• 

Av. 

Tot. 

■ 

Av. 

Tot. 

« 

Av. 

Tot. 

Av. 

Tot. 

• 

Av. 

Tot. 

ndD- 

fall 

temp. 

rmm- 
faU 

temp. 

ram- 
faU 

temp. 

ram- 
faU 

temp. 

ram- 
faU 

temp. 

ram- 
faU 

temp. 

nun- 
faU 

temp. 

Ina. 

Ina. 

Ina. 

Ina. 

Ina. 

Ina. 

Ina. 

1910. . . . 

AO.l 

4.66 

64.9 

3.45 

66.2 

1  55 

73.1 

2  39 

69. 

6.47 

63  2 

3.29 

53.1 

1.78 

1911.... 

44.8 

3.24 

64.9 

1.36 

67.6 

2.61 

74.4 

4.49 

70.9 

3.86 

62.8 

3.21 

50  7 

2.37 

1912.. 

45.1 

3.41 

58. 9 

7.27 

64.3 

2.09 

73.2 

4.86 

68  6 

2.21 

68.4 

5  89 

53  5 

1.42 

1013.... 

48.3 

3.40 

56.9 

2.68 

66.8 

3.24 

72.1 

2  03 

70. 

1  65 

61.3 

2.64 

64. 

4.08 

1914.... 

43.4 

3.10 

60.2 

4. 

67.3 

2.69 

71.6 

2.18 

70.6 

6.05 

61.4 

1.62 

56.4 

1.55 

So  far  as  moisture  is  concerned  the  most  critical  time  in  the  life 
of  the  strawberry  is  as  the  fruit  begins  to  mature  and  during  the 
ripening  period.  This,  at  Geneva,  is  during  the  months  of  June  and 
July.  As  shown  by  the  table  the  variation  in  rainfall  during  the 
past  five  years  has  been  from  1.55  inches  to  3.24  inches  for  June 
and  from  2.03  inches  to  4.85  inches  for  July.  The  bulk  of  the  straw- 
berry crop,  however,  matures  at  Geneva  between  June  15  and  July  15. 
The  following  figures  taken  from  the  meteorological  record  show 

» 

clearly  the  wide  ranges  in  number  of  showers  between  those  dates: 
1910  —  6  showers;  1911—4  showers;  1912  —  6  showers;  1913  — 
8  showa*s;  1914  —  13  showers.  Yield  is  affected  also  by  the  amount 
of  rainfall  in  August  and  September  at  which  time  runners  are 
developing  most  rapidly.  In  a  dry  season  but  few  plants  root. 
In  August,  1913,  the  total  rainfall  was  1.65  inches  and  in  1914,  6.05 
inches  for  the  same  month. 


NOTES  ON  VARIETIES. 

Blooming  season. —  The  time  of  bloom  is  of  special  importance  in 
those  localities  subject  to  late  spring  frosts.  Op^fiing  of  the  blos- 
soms may  be  retarded  somewhat  by  the  winter  mulch.  A  few  days 
delay  in  blooming  season  may  mean  an  increase  of  from  one-third 
to  one-half  in  yield  provided  the  opening  blossoms  get  safely  past 
the  critical  frost  periods.    The  following  lists  include  the  early-  and 
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late-blooming  varieties,  the  other  varieties  described  in  this  bulletin 
opening  their  blossoms  in  mid-season. 


Eablt  Bloomebs. 


Abington 

Baltimore 

Barkley 

Black  Beauty 

CaOin  No.  1 

Consort 

Corinne 

Dmunore 

Early  Jersey  Giant 

Early  Queen 

BUeraburg  No.  88 

First  Prise 

Four  Seasons 

GoodeU 

Lea 

Maryland 


Missionary 
Monroe 
Nanticoke 
Progressive 
Bed  Prolific 
St.  Joseph 
SchUd  No.  2 
SchOd  No.  8 
SckUd  No.  10 
Sehiid  No.  12 
Sons  Prolific 
Sweetheart 
Superb 
Uncle  Sam 
Winner 


LiTB  Bloombbb. 


Barr3rmore 
Bethel 
Buster 
Chesapeake 
Columbia 
EUenhurg  No.  71 
EUerMmrg  No.  80 
BUenhurg  No.  84 
Sttertburg  No.  89 
Etterabwrg  No.  91 
Ettertburg  No.  93 
BUeraburg  No.  94 
Etterabwrg  No.  Ill 
EUerOmrg  No.  112 


BUeraburg  No.  114 
BUeraburg  No.  121 
FiUbasket 
Good  Luck 

Latest  of  All 
Mascot 
MaudMuUer 
Ohio  Boy 
Phoenix 
Posey 
Repeater 
Schauber  No.  705 
Walnut  Stump 


Season  of  ripening. —  The  particular  market  to  be  supplied  is  the 
controlling  factor  in  selection  of  varieties  with  reference  to  their 
time  of  maturity.  Some  markets  demand  an  early  or  mid-season 
berry  while  in  other  localities  the  latest-maturing  varieties  are  most 
profitable.  The  greatest  number  of  varieties  are  usually  to  be 
found  among  the  mid-season  kinds,  and  the  varieties  described  in 
this  bulletin  are  no  exception  to  the  rule.  Less  than  one-third  of 
the  total  number  of  varieties  described  in  this  bulletin  are  in  eithw 
the  early  or  late  class. 


VABIXmS  THAT  MaTUBS  EaBLT. 


VABnSTOBS  THAT  MaTUBB  LaTB. 


Continuity 
Barkl^ 
Black  Beauty 
Dunlap 

Early  Jersey  Giant 
First  Prise 
Golden  Gate 
Grand  Marie 
Hughaon 
IncSana 
Ionia  Market 
Lea 

Maud  Mulkr 
Missionary 
Monroe 


Nanticoke 

Columbia 

BUeraburg  No.  Ill 

Progressive 

Dewdrop 

BUeraburg  No.  112 

Red  Prolific 

Diehl  No.l 

BUeraburg  No.  114 

Repeater 

BUeraburg  No.  71 

BUeraburg  No.  121 

Rose  Ettersburg 

BUeraburg  No.  75 

Fillbasket 

Saint  Joseph 

BUeraburg  No.  76 

Late  Jersey  Giant 

Sdnid  No.  2 

BUeraburg  No.  79 

Latest  of  AH 

Sehiid  No.  8 

BUeraburg  No.  80 

Laxton  Latest 

SchUd  No.  10 

BUeraburg  No.  84 

Mascot 

SchUd  No.  12 

BUeraburg  No.  89 

Patagonia 

Sons  Prolific 

BUeraburg  No.  91 

Rough  Rider 

Superb 

BUeraburg  No.  93 

Schauber  No.  705 

Uncle  Sam 

BUeraburg  No.M 

Walnut  Stun^ 

Winner 

Sex  of  llowera. —  By  far  the  greatest  number  of  varieties  grown 
are  parf ect-flowering.    This  is  due  in  part  to  the  desirable  qualitieB 
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of  such  varieties  but  in  larger  measure,  to  the  fact  that  the  imperfect- 
flowering  or  pistillate  kinds  will  not  produce  satisfactory  crops  of 
fruit  when  planted  alone  but  must  have  perfect-flowering  varieties 
growing  nearby  to  insure  pollination  of  the  blossoms.  The  perfect- 
flowering  kinds  are  not  necessarily  better  yielders  or  of  higher 
quality.  The  sex  of  the  varieties  tested  is  indicated  in  the  descrip- 
tion of  the  variety;  77  are  perfect-flowering  and  29  imperfect- 
flowering. 

PlatU-makera. —  Most  varieties  set  too  many  plants.  The  results 
would  be  more  satisfactory  with  half  the  number  properly  spaced. 
Crowded  condition^  are  brought  about  partly  by  close  planting  and 
partly  by  the  rapidity  with  which  runners  develop.  In  other  cases 
the  variety  may  be  a  shy  plant-maker  and  unless  the  usual  planting 
distance  is  decreased  a  diminished  yield  results.  This  is  especially 
true  with  Chesapeake — one  of  the  best  of  varieties.  All  gradations 
in  number  of  plant-makers  are  found  in  the  varieties  under  discussion. 
The  extremes  are  as  follows: 


PBounc  Plant  Pboducbbs. 

ScANTT  Plant  Pbodugebs. 

Amanda 

EUertHmrg  No,  91 

Autumn 

Hub 

Buster 

Helen  Davis 

Cliesf4)eake 

Laxton  Latest 

Columbia 

Eillarney 

Danby 

Lea 

Corume 

Maud  Muller 

Dewdrop 

Productive 

Dunlap 

Missionary 

Diehl  No,i 

Sduld  No,  12 

Eariy  Queen 

Posey 

Four  Seasons 

l3ons  Prolific 

BUershurg  No.  80 

Prolific 

Goodell 

Superb 

EUersburg  No,  84 

Schiid  No.  10 

Goodwin 

Uncle  Sam 

SUeraburg  No,S9 

Gov.  Fcnrt 

<  Productiveness. —  Many  factors  influence  3rield  of  fruit,  the  most 
important  being  moisture,  food  supply  and  adaptation  of  the 
variety.  During  the  three-year  test  the  widest  variations  in  rain- 
fall have  occurred  as  shown  by  the  table  on  page  166.  Each 
year,  in  preparation  of  the  soil,  liberal  and  uniform  applications  of 
stable  manure  were  made.  Yet  during  the  same  year  with  all 
conditions  as  uniform  as  could  be  secured  the  yield  has  ranged 
from  a  decidedly  small  crop  to  very  heavy  yields,  apparently  due 
largely  to  the  degree  of  adaptability  of  the  variety  to  soil  and 
climatic  conditions.  Relative  productiveness  was  determined  by 
repeated  observations  made  during  the  fruiting  period  of  the 
different  varieties.  The  following  varieties  include  only  those  at 
the  extremes  of  yield. 
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Vbrt  PBODUcnYB  Vaustiu. 


Early  Jersey  Giant  Sweetheart 
Eariy  Qaeen  Superb 

EtterOturg  No.  71     Winner 


Vbbt  UMPBODucmrB  VABiima. 


Abington 

FintPriie 

Atkins  Continuity 

Golden  Gate 

SUerBburg  No.  112 

Autumn 

GoodeU 

Four  Seasons 

Barry  more 

Good  Luok 

Laxton  Latest 

Bethd 

Late  Jersey  Giant 

Peach 

Buster 

Maryland  Priie 

CatUn  No.  1 

New  Disoovery 

Columbia 

Ohio  Boy 

Dunlap 

Schavber  No.  701 

Vigor  of  plant. —  Habit  of  growth  is  closely  associated  with  amount 
of  nitrogenous  plant  food  in  the  soil;  yet  certain  varieties  always 
retain  to  a  marked  d^ree  growth-characters  which  are  not  over- 
come by  heavy  applications  of  stable  manure  or  nitrate  of  soda. 
The  following  varieties  are  characterized  by  a  low-growing  habit  or 
the  plants  are  small,  or  weak. 

.   Low-QBowiNO  OB  Wbak  Vabibtibs. 


SUenbtBTQ  No.  79 

Hub 

Saint  Joseph 

Bttertburg  No.  112 

Latest  of  All 

ScKavber  No.  701 

Four  Seasons 

Red  Prolific 

Sons  Prolific 

GoodeJl 

.  Repeater 

Resistance  to  disease. —  Fortunately  there  are  but  few  diseases 
affecting  the  strawberry,  chief  of  which  is  leaf  spot.  This  disease, 
however,  is  largely  dependent  on  favorable  weather  conditions  for 
its  development  and  spread.  The  same  variety  may  suffer  severely 
one  season,  yet  be  comparatively  free  from  the  trouble  the  following 
year.  We  may,  however,  find  a  healthy  variety  growing  alongside 
one  severely  injured  by  the  disease  showing  that  considerable  varia- 
tion exists  in  the  ability  of  a  variety  to  withstand  attacks  of  the  fungi. 
The  following  varieties  were  severely  attacked  by  leaf  spot  during 
the  past  three  years. 


Vabxehxs  Susceptible  to  Leaf  Spot. 


Atkins  Continuity 
Big  Rock 
Commission 
Diehl  No.  I 
BtUnbta-g  No.  80 
BUertburg  No.  89 
BUersbta-g  No.  91 
BUenburg  No.  93 


Ettenbwrg  No.  Ill 
BUerOmrg  No.  114 
BUerOntrg  No.  116 
EUerabwrg  No.  121 
FUlbasket 
Goodwin 
Hden  Davis 
Killamey 


Laxton  Latest 

Patagonia 

Peach 

Peckham  Wonder 

Posey 

Sekm  No.  8 

SMd  No.  10 
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Size  cffndt. —  Sue  of  fruit  is  an  essential  factor.  Many  varieties 
attractive  in  color  and  of  highest  quality  are  deficient  in  sise,  the 
berries  averaging  so  small  as  to  make  the  variety  worthless  com- 
mercially and  undesirable  for  home  use.  Some  varieties  naturally 
produce  nothing  but  smaU  berries,  others  a  uniform  crop  of  large 
fruit  while  still  other  kinds  have  no  uniformity  in  size,  large  and 
smaU  berries  being  harvested  at  each  picking.  As  the  fruit  was 
taken  from  the  vines,  notes  were  made  as  to  the  size  of  fruit.  The 
following  varieties  produced  fruit  at  the  two  extremes. 


Vabibtiss  Pboducino  Fbuit  or  Laboxbt  Sikb. 

VaBOTEBS  PBOOVCDfO 

Barrymore 

Tn^iH.n^ 

Fruit  of  SicAUiBR 
Sm. 

Buster 

Killamey 

Chesapeake 

Late  Jersey  Giant 

Atkins  Continuity 

Danby 

Marshall 

Autumn 

Dewdrop 

Maryland  Prise 

CaOin  No.  1 

Early  Jersey  Giant 

Mascot 

BUerahurg  No.  75 

Ilrst  Prise 

New  Discovery 

Etter^ntrg  No.  79 

Golden  Gate 

Posey 

BUerahurg  No.  116 

Good  Luck 

Prolific 

BUeraburg  No.  121 

Grand  Marie 

SckOd  No.  10 

Four  Seaaona 

Granger 

Townsend  Late  Champion 

GoodeU 
Latest  of  All 
Lea 

Saint  Joeeph 
Uncle  Sam 

Quality. —  It  is  always  difficult  to  determine  accurately  the  quality 
of  varieties.  All  gradations  may  be  found  from  the  poorest  to  the 
best.  Much  depends  on  the  stage  of  ripeness  of  the  particular 
berries  sampled^  on  the  amount  of  sunshine  and  rainfall  under 
which  the  berries  ripened,  and  on  the  personal  taste  of  the  person 
making  the  test.  Some  varieties  not  of  highest  quality  are  among 
the  best  commercial  sorts  because  of  large  3rield,  good  size,  attract- 
iveness of  color  and  desirable  shipping  qualities.  The  rating  of 
each  variety  as  to  quality  is  given  in  its  description.  The  following 
is  a  list  of  those  varieties  having  a  high  rating  of  quality. 


Barrymore 

Black  Beauty 

Chesapeake 

Clara 

Columbia 

EUerabwrg  No.  112 

Goodell 


Vabibtiss  Rating  High  in  Qualitt. 

Good  Luck  Mascot 

Goodwin  New  Diaoovoy 

Granger  Peach 

Kittie  Rice  Phoenix 

Marshall  Saint  JosMih 

Maryland  Priie  Sdiauber  No.  701 
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Demrdbte  kinds. —  Nearly  all  varieties  may  be  characterized  by 
their  faults.  These  faults  are  more  prominent  some  years  than  in 
others.  Habits  vary  in  different  locaUties.  A  most  desirable  va- 
riety in  one  place  may  be  worthless  elsewhere.  It  is,  therefore, 
impossible  to  make  out  a  list  of  desirable  kinds  that  will  be  satis- 
factory for  all  locations.  The  following  list  is  only  suggestive. 
It  includes  those  described  in  this  bulletin  which  have  made  the 
best  record  during  the  past  three  years  under  the  soil  and  climatic 
conditions  at  this  Station.  The  list  includes  some  varieties  described 
in  previous  bulletins  which  had  made  a  good  record  and  which  were 
again  grown  for  purposes  of  further  observation  and  for  comparison 
with  varieties  of  more  recent  origin.  They  will  not  all  do  equally 
well  elsewhere.  The  only  sure  way  of  determining  their  value  is  by 
a  trial  of  a  few  plants  on  each  grower's  soil  before  planting  exten- 
sively for  commercial  purposes. 

DbSIBABLB  VABISTnBS. 

Abington  (Per)  EUertburg  No.  84  (Per)  Marshall  (Per) 

Amanda  (Per)  EUershwg  No.  89  (Per)  Mascot  (Per) 

Baltimore  (Per)  EUarebvrg  No.  112  (Per)  Momroe  (Per) 

Barrymore  (Per)  Golden  Gate  (Per)  New  Discovery  (Per) 

Black  Beauty  (Imp)  Good  Luck  (Per)  Phoenix  (Per) 

Chesapeake  (Per)  Goodwin  (Per)  Posey  (Per) 

Clara  (Per)  Grand  Marie  (Per)  Prolific  (Per) 

Columbia  (Imp)  Granger  (Imp)  Rough  Rider  (Per) 

Dunlap  (Per)  Indiana  (Per)  Schild  No.  10  (Per) 

BUen&urg  No.  80  (Per)  Kittle  Rice  (Imp)  Sherman  (Imp) 

DESCRIPTION  OF  VARIETIES. 

It  must  be  kept  in  mind  that  the  descriptions  of  plant  and  fruit 
as  given  in  the  following  pages  represent  the  behavior  of  the  variety 
on  heavy  olay  soil  at  this  Station.  They  may  vary  in  other  localities. 
Plants  of  the  varieties  described  cannot  be  obtained  at  this  Station. 
The  name  of  the  party  furnishing  plants  for  trial  is  given  following 
the  name  of  the  variety.  Whenever  possible  stock  has  been  obtained 
directly  from  the  originator  or  introducer.  The  first  paragraph 
gives  history  of  the  variety,  the  second  paragraph  description  of 
both  plant  and  fruit  and  the  third  paragraph  summary  of  the  variety. 


IMPORTANT  I  Descriptions  partial  only.— Certain  plant-habits 
of  a  large  number  of  varieties  are  intermediate  in  their  character,  as 
—  plants  medium  in  vigor,  number  or  yield;  leaves  medium  green 
in  color;  petals  not  few  or  many;  calyx  medium  in  size.    In  such 
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casesy  especially  where  the  characteristics  are  not  esseatial  distin- 
guishing factors,  the  description  is  omitted,  it  being  understood 
in  all  such  cases  that  the  omission  of  description  is  an  indication 
fliat  a  certain  character  is  intermediate  in  degree. 

Abb^SfoiL —  (W.  F.  Allen,  Saliflbury,  Md.)  Fully  described  and  reoommended  for 
trial  in  Bulletin  No.  309.  1906.  Although  not  of  highest  quality  worthy  of  trial  for 
a  light-red  berry  on  account  of  productiveness,  size  and  general  attractiveness. 

Amanda* —  (J.  Whitt,  Vermillion,  O.)  Described  and  recommended  for  trial  in 
Bulletin  No.  309, 1908.  Intioduced  by  Mr.  Whitt  in  1910.  W<vthy  of  test  as  a  lazge^ 
rather  dark  red,  wedge^haped  berry  of  good  quality. 

Atkins  Continuity.—  (Wm.  Fell,  Hexham,  Eiiigland.) 

Plants  unproductive,  with  considerable  leaf  spot;  leaves  dark  green;  flowers  perfect, 
bloom  in  mid-season,  nearly  one  inch  across;  petals  ovate;  stamens  numerous,  long; 
fruit^tems  short,  semi-erect;  calyx  rather  large,  very  pubescent,  slightiy  depreesed; 
seeds  prominent.  Fruit  matures  early;  above  medium  in  sise,  roundish-conie  to 
wedge,  medium  red,  glosgy;  apex  obtuse;  flesh  whitish  towards  center,  firm,  mild 
subacid,  not  high  flavor;  fair  in  quality. 

liants  subject  to  disease  and  lacking  in  productiveness.  Fruit  inferior  to  the  best 
commercial  lands  in  size,  flavor  and  quality. 

Autumn. —  (Samuel  Cooper,  Delevan,  N.  Y.)  A  seedling  of  Pan  American  origi- 
nated in  1902  by  Mr.  Cooper  and  introduced  by  him  in  1906. 

Plants  very  few,  very  productive  considering  the  number  d  plants,  slightly  affected 
by  leaf  spot;  leaves  dark  green;  flowers  imperfect,  small,  averaging  but  slightly  nK>re 
than  three-quarter  inch  across;  petals  overlapping,  roundish-oblate,  five  to  six  in 
number;  calyx  flat;  seeds  prominent.  Fruit  medium  in  sise,  conic  but  broad  and 
flattened  at  the  base,  attractive  medium  red;  apex  somewhat  pointed;  flesh  well  c<rfov«d 
to  center,  juicy,  firm,  sweet,  pleasant  flavored;  good  in  quality. 

Plants  very  few  in  number  requiring  close  planting,  very  productive  per  idant. 
Fruit  inferior  in  size,  pleasant  flavored,  high  in  quality. 

Baltimore. —  (E.  W.  Townsend,  Salisbury,  Md.)  Supposed  to  have  originated  in 
Germany  about  1884.  Mr.  Townsend  secured  plants  in  1909  and  introduced  the 
variety  in  1912. 

Plants  numerous,  vigorous,  productive,  slightly  affected  with  leaf  spot;  leaves  small, 
dull,  light  green,  rugose;  flowers  perfect,  blooming  season  eariy,  over  one  inch  aoross; 
petals  small,  rounduh;  stamens  numerous,  long;  receptacle  small;  fruit-stems  shorty 
thick,  erect,  branching;  calyx  large,  flat;  seeds  smaU,  usually  sunken.  Fruit  matarsB 
in  mid-season;  large,  irregular  in  shape  varying  from  wedge  to  often  coxcomb,  ^oosy, 
medium  red;  apex  variable,  conic  to  wedge;  fl^  whitish  towards  center,  juicy,  rather 
tender,  sweet,  mild,  strongly  aromatic;  good  in  quality. 

The  habit  of  plants  is  desirable  although  somewhat  subject  to  disease^  a  nud-seasoii 
berry  of  attractive  appearance,  good  size  and  quality  but  somewhat  vanable  in  shape; 
an  excellent  shipper;  worthy  of  test. 

Baridey.—  (E.  W.  Townsend,  Salisbury,  Md.)  A  seedling  of  unknown  paientage 
foimd  growing  wild  in  1905  by  Mr.  S.  Barkley  of  Wicomico  County,  Md.,  and  intio- 
duced by  Mr.  Townsend  in  1913. 

Plants  numerous,  large,  vigorous,  productive,  slightly  affected  with  leaf  spot;  kavea 
large,  medium  to  dark  green,  slightiy  rugose;  flowers  perfect,  season  of  bloom  early, 
one  and  one-eighth  indies  across;  petals  roundish;  stamens  numerous;  receptacle 
medium  to  small;  fruit-stems  thick,  erect;  calyx  variable  in  size,  unattractive  green; 
seeds  sunken.  Fruit  matures  early;  large  to  medium,  conic  to  wedge,  light  to  medium 
red,  dull,  imattractive,  colors  unevoily;  apex  pointed;  flesh  somewhat  whitish  towards 
center,  firm,  sweet,  mild,  pleasant  flavor;  good  in  quality. 

Plants  multiply  r^>idly  and  yield  welL  Fruit  high  in  quality  but  is  too  dull  in 
color  and  variable  in  else. 
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Btfrymore.—  (W.  F.  Allen,  Salisbuiy,  Md.)  Fully  described  in  Bulletin  No.  385, 
1914. 

Worthy  of  test  on  account  of  heavy  yield,  large  sise  of  fruit,  desirable  shape,  un- 
usually attractive  color  and  flavor  and  quality  closely  rivaling  Marshall;  an  excellent 
diipper;  must  be  well  colored  before  picking. 

Berlin. —  (H.  J.  Schild,  Ionia,  Mich.)  A  seedling  of  Haverland  originated  by 
Mr.  Sefaild  in  1902  and  introduced  by  him  in  1907. 

Plants  numerous,  vigorous,  productive,  healthy;  leaves  rather  smooth:  flowers 
imperfect,  bloom  in  early  midnBeason,  lees  than  one  inch  across;  petals  small,  broad- 
oval;  receptacle  small,  conical;  fruit-stems  long,  slender,  semi-erect,  but  litUe  branch- 
ing, producing  fruit  densely  clustered;  calyx  small,  flat;  seeds  raised.  Fruit  matures 
in  mid-season;  above  medium  in  size,  long-conic  to  wedge,  lif^t  red,  glossy,  colors 
unevenly;  apex  pointed;  flesh  whitish  towaids  center,  very  juicy,  tart,  not  pleasant  in 
flavor;  poor  in  quality. 

Plant-characters  good;  chief  defects  are  in  the  fruit;  a  long-pointed,  unattractive, 
li(^t  red  berry  inferior  in  flavor  and  too  soft  for  long  shipments. 

BetheL —  (W.  S.  Todd,  Greenwood,  Del.)  A  seedling  of  unknown  parentage 
originating  in  1906  with  R.  F.  Thomas,  Kent  County,  Del.,  and  introduced  by  Mr. 
Todd  m  1910. 

Plants  very  productive,  healthy;  leaves  small,  dark  green;  flowers  perfect,  season 
of  bloom  late,  three-quarters  inch  across;  petals  roimdish-oval ;  stamens  shoit;  fruit- 
stems  long,  thick;  calyx  raised;  seeds  sunken.  Fruit  matures  in  mid-season;  above 
medium  in  mse,  irregular  in  shape,  often  wedge  or  coxcomb,  with  roughish  and  furrowed 
surface,  medium  red;  apex  obtuse,  often  seedy  in  appearance;  flesh  well  colored  to 
center,  juicy,  firm,  rather  tart;  fair  in  quality. 

A  very  productive  variety,  unattractive  in  shape,  often  seedy,  lacks  sweetness, 
inferior  in  flavor  and  quality. 

Big  Rock.—  (H.  J.  Schild,  Ionia  Mich.)  Origmated  by  Mr.  Schild  in  1905  as 
a  cross  between  Red  Dawn  and  Red  Queen,  and  introduced  by  him  in  1910. 

Pbmts  numerous,  productive,  somewhat  subject  to  attacks  of  leaf  spot;  leaves 
jsrge,  very  thick;  flowers  perfect,  bloom  in  late  mid-season,  one  and  one-quarter 
inches  across;  petals  large,  roundish:  stamens  numerous;  receptacle  large,  roundish; 
fruit-stems  short,  thick,  prostrate,  branching;  calyx  large,  varying  from  raised  to 
depressed;  seeds  stmken.  Fruit  matures  in  mid-season;  large,  furrowed,  irr^^ular 
wedge,  often  necked,  variable  color  averaging  medium  red,  somewhat  glosqr;  apex 
obtuse,  indented;  flesh  whitish  towards  center,  not  very  juicy,  firm,  sweet,  mild; 
fur  to  good  in  quality. 

Foliage  large,  characteristically  thick,  not  healthy j  fruit  of  flood  sise  but  variable 
in  shape,  not  very  attractive  in  color,  lacking  in  juiciness  and  surpassed  in  quality 
by  other  varieties. 

Blade  Beaiity.— CW.  S.  Todd,  Greenwood,  Del.)  Originated  by  H.  J.  Schild, 
Ionia,  Mich.,  in  1905  as  a  cross  between  Red  Dawn  and  one  of  his  seedlings,  No.  19, 
the  parentage  of  which  is  Red  Dawn  X  Ionia  Market.  Introduced  by  A.  B.  Sibert, 
Bodkester,  Indiana,  in  1910. 

Plants  productive,  healthy;  leaves  dark  green;  flowers  imperfect,  coming  in  bloom 
Mrly,  less  than  an  inch  acroes;  petals  small,  overlapping,  ovate;  fruit-stems  short, 
thick;  calyx  small,  raised;  seeds  raised.  Fruit  matures  early;  medium  to  large,  wedge- 
shaped,  necked,  attractive  dark  red;  apex  obtuse,  somewhat  seedy;  flesh  well  colored 
to  center,  very  juicy,  firm,  tart,  sprightly,  high  flavored;  very  good  in  quality. 

An  imperfect-flowering  variety  of  good  plant-habits,  worUiy  of  test  on  account 
of  the  high  quality  of  the  dark,  glossy-red  bmies;  apex  inclined  to  be  seedy  in  appear- 
ance, and  on  thb  account  the  fruit  should  be  well  colored  before  its  removal  from 
the  pbnts. 

BuO  Moose.—  (T.  C.  Eevitt,  Athenia,  N.  J.)  Originated  in  1901  as  a  cross  between 
Sunple  and  Glen  Mary,  by  Mr.  Kevitt  and  introduced  by  him  in  1912. 

Hants  large,  vigorous,  healthy;  leaves  large,  dark  green,  rugose;  flowers  imperfect, 
bk)om  thirteen-flizteenth  inch  across;  petals  roundish,  five  to  seven  in  number;  reoep- 
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tacle  large,  promment;  fruit-stems  long,  thick,  aemi-erect,  usually  double;  oalyz  flat; 
seeds  simken.  Fruit  matures  in  mid-season;  large  to  medium,  blunt^onic,  dull, 
light  to  medium  red;  apex  obtuse,  not  always  weU  devek^ied;  flesh  whitish  toward 
center,  juicy,  very  firm,  sweet,  good. 

The  defects  of  this  variety  are  in  the  fruit  rather  than  in  the  plants.  AHhoni^ 
an  excellent  shipper  and  of  good  quality,  the  berries  are  variable  m  sise,  rather  un- 
attractive in  color  and  the  apex  is  often  poorly  developed.  Surpassed  in  value  by  other 
varieties. 

Buster. —  (R.  M.  Kellogg  Co.,  Three  Rivers,  Mich.)  A  crosB  of  Shaipkas  and 
Bubach  made  about  1906,  by  a  Mr.  Stone  of  Illinois. 

Plants  very  numerous,  vigorous,  very  productive,  healthy;  leaves  dark  green, 
slightly  rugose;  flowers  imperfect,  season  of  bloom  late,  small,  thirteen-sixteenth 
inch  across;  petals  roundish;  fruit-stems  thick,  semi-erect,  branching;  calyx  small. 
strongly  depressed,  dull  green;  seeds  inconspicuous,  sunken.  Fruit  matures  in  mid- 
season;  large,  furrowed,  inclined  to  roundish,  light  red,  dull  and  rather  unattractive, 
colors  unevenly;  apex  obtuse;  flesh  whitish  toward  center,  juicy,  bruises  easily, 
subacid,  lacking  in  flavor;  fair  in  quality. 

The  number,  vigor  and  productiveness  of  plants  are  strong  characteristics,  as  is 
also  the  sunken  calyx.  The  fruit,  however,  aldiough  of  large  sise  which  holds  up  well 
throughout  the  season,  does  not  ship  well,  Ib  unattractive  in  color  and  inferior  both 
in  flavor  and  quality. 

CaUin  No,  L —  (H.  A.  Catlin,  Homer,  N.  Y.)  A  seedling  of  unknown  parentage 
from  seed  of  berries  found  in  a  meadow  and  grown  by  Mr.  CSatlin  in  1010;  sent  to 
Uiis  Station  for  testing  in  1913. 

Plants  numerous,  large,  vigorous,  very  productive,  with  only  a  trace  of  leaf  spot; 
leaves  large,  dark  green,  rugose;  flowers  pttfect,  season  of  bloom  early,  seven-eighths 
inch  across;  petals  roundish,  five  in  number;  stamens  numerous;  receptacle  m^ium 
to  small;  fruit-stems  long,  erect;  calyx  small,  slightly  raised;  seeds  sunken.  Ftvit 
matures  in  mid-season;  medium  to  small,  oval  to  conic,  slightly  necked,  dull, unattrac- 
tive dark  red;  apex  pointed;  flesh  whitish  toward  center,  firm,  sweet,  pleasant  flavw; 
good  in  quality. 

Plant-diaracters  desirable  but  fruit  too  small  for  commercial  value  althoof^  of 
good  flavor  and  quality. 

Chesapeake. —  (W.  F.  Allen,  Salisbury,  Md.)  Described  and  recommended  for 
trial  in  bulletins  No.  309, 1908,  and  No.  364,  1913,  of  this  StaticMi  on  New  or  Note- 
worthy Fruits.    Fruited  again  in  1914,  the  variety  still  making  an  excellent  showing. 

Clara* —  (J.  E.  Kuhns,  Cliffwood,  N.  J.)  A  seedling  of  Sample  crossed  with  Wm. 
Belt,  originating  in  1903  with  Mr.  Kuhns  and  introduced  by  him  in  1909. 

Plants  numerous,  healthy;  leaves  small,  light  green,  slight^  rugose;  flowers  perfect, 
one  inch  across;  petals  small,  roundish;  stamens  short  to  medium  in  length;  reeeptade 
large,  prominent;  fruit-stems  short  to  medium,  thick,  prostrate,  branching;  calyx 
large,  often  slightly  raised,  pale  green;  seeds  small,  conspicuous,  variable  in  position. 
Fruit  matures  in  mid-season;  large,  slightly  furrowed,  wedge  to  irregular  conic,  gloasy, 
attractive  dark  red;  apex  often  wedge-shaped;  flesh  well  colored  to  center,  juicy , 
firm,  pleasant  flavored,  sprightly;  good  to  very  good. 

Plant-characters  desirable  although  not  quite  as  productive  as  some  other  varietieB. 
Fruit  attractive  both  in  sise  and  color,  somewhat  irregular  in  diape,  ranks  high  in 
quality.  In  the  last  pickings  the  smaller  berries  are  rather  seedy  in  appearance. 
An  excellent  shipper.    Worthy  of  test  on  account  of  its  many  denrable  chaiactera. 

CdumUa* —  (J.  B.  Wild  A  Bros.,  Sarooxie,  Mo.)  Described  as  a  promising  variety 
in  Bulletin  No.  309.  Crescent  was  crossed  with  Sharpless  and  one  of  tiie  most 
promising  seedlings  of  this  cross  was  fertilised  with  pollen  from  Pany.  One  of  the 
most  promising  of  these  seedlings,  No.  9,  was  named  Columbia  by  a  Mr.  Ridiard 
Bagg. 

-  Commission.—  (H.  J.  Schild,  Ionia,  Mich.)  Originated  by  Mr.  Schild  in  1905  by 
crossing  Red  Dawn  with  one  of  his  seedlings,  No.  19,  parentage  of  which  was  Red 
Dawn  X  Ionia  Market.    Introduced  by  Mr.  Sohild  in  1909. 
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Plants  numerous,  vigcffous,  above  medium  in  height,  productive,  somewhat  subject 
CO  attacks  of  leaf  spot;  leaves  large,  dark  green,  slightly  rugose;  flowers  perfect, 
bkx>m  in  early  midnseason,  one  and  seven-sixteenths  inches  across;  petals  large, 
roundish-oval;  stamens  numerous,  long;  receptacle  roundish;  fruit-etems  variable  in 
length,  thick,  semi-orect,  much  branching;  calyx  large,  raised,  leafy,  often  discolored; 
seeds  sunken.  Fruit  matures  in  mid-season;  medium  in  size,  irregular  in  shape 
averaging  blunt-wedge,  strongly  necked,  dull,  unattractive  light  red;  apex  obtuse, 
mdented;  flesh  whitish  toward  center,  very  juicy,  sweet,  mild,  not  high  flavored; 
fair  in  quality. 

Plant-characters  good  except  for  attacks  of  leaf  spot;  a  medium-sised  berry  with 
distinct  neck,  inferior  in  shape,  unattractive  in  color,  low  in  flavor. 

Consort—  (A.  B.  Sibert,  Rochester,  Ind.) 

Plants  numerous,  vigorous,  above  medium  in  height,  productive,  healthy;  leaves 
large,  rather  rugose;  flowers  imperfect,  season  of  bloom  early,  nearly  one  indi  across; 
petols  small;  receptacle  prominent,  blunt-conic;  fruit-stems  medium  to  long,  thick, 
prostrate,  branching;  calyx  large,  flat  or  raised,  leafy,  dull  green;  seeds  sunken.  Fruit 
matures  in  midHseason;  large,  furrowed,  wedge-shape,  slightly  necked,  dull,  very  dark 
unattractive  red;  apex  pointed  or  wedge;  flesh  very  dark  red  to  center,  firm,  sweet, 
mild;  good  in  quality. 

Plants  make  a  good  growth.  Fruit  large  at  first,  decreasing  rapidly  in  sise  as 
season  advances;  a  dark  red  berry  with  very  dark  red  flesh,  with  roughish  surface, 
unattractive  appearance;  not  recommended. 

Corlmie. —  (A.  B.  Sib^,  Rochester,  Ind.) 

Plants  very  numerous  and  vigorous,  productive,  healthy;  leaves  large,  dark  green, 
smooth;  flowers  imperfect,  season  of  bloom  early,  small,  averaging  three-quarters 
inch  across;  petals  very  small,  roimdish-oval,  seven  to  ten  in  number;  receptacle 
roundish;  fruit-stems  thick,  prostrate,  branching;  calyx  small,  flat;  seeds  large,  sunken. 
Fruit  matures  in  mid-season;  above  medium  to  medium  in  sise,  roundish-conic,  broad 
at  the  base,  glossy,  medium  to  dark  attractive  red;  apex  very  obtuse;  flesh  well  colored 
to  center,  tender,  sweet,  mild,  pleasant  flavored;  good  in  quality. 

Plants  characteristically  Urge,  vigorous,  multiply  rapidly  and  with  characteristic 
dark  green  foliage;  blossoms  hidden  in  the  dense  foliage.  fVuit  well-shaped,  excellent 
color,  desirable  quality  but  deficient  in  size  and  bruises  easily;  surpassed  by  other 
varieties. 

Danby. —  (H.  J.  Schild,  Ionia,  Mich.)  Originated  by  Mr.  Schild  in  1903  by  crossmg 
two  of  his  seedlings.  No.  18  and  No.  907;  introduced  by  him  in  1910. 

Plants  few,  vigorous,  above  medium  in  height,  productive,  healthy^  leaves  large, 
dark  green,  glossy;  flowers  imperfect,  bloom  one  and  one-sixteenth  mches  across; 
petals  roundish,  six  to  nine  in  number;  receptacle  long-conic;  fruit-stems  short,  thick, 
prostrate,  branching;  calyx  large,  slightly  raised,  leafy;  seeds  variable  in  position. 
Fruit  matures  in  mid-season;  very  large,  furrowed,  wedge-shape,  sometimes  slightly 
necked,  glossy,  attractive  medium  rol,  colors  somewhat  unevenly;  apex  obtuse; 
flesh  well  colored  to  center,  juicy,  firm,  sprightly;  good  in  quality. 

Fruited  in  1912  and  again  in  1913.  A  poor  plant-maker  and  must  be  set  closely 
to  secure  a  good  yield.  Fruit  of  desirable  size,  variable  in  color,  too  soft  for  a  good 
sh4>per,  of  doubtful  value  although  pleasant  flavored  and  of  good  quality. 

Darih^ton.—  (W.  F.  Allen,  Salisbury,  Md.) 

Pbmts  Jhealthy;  leaves  small,  light  green,  rugose;  flowers  perfect,  one  and  one- 
sixteenth  inches  across;  petals  roundish,  average  eight  in  number;  stamens  decidedly 
variable  in  number,  very  short;  receptacle  large,  prominent,  roimdish;  fruit-stems 
short,  thick,  prostrate,  usually  single;  calyx  laige,  depressed,  somewhat  leafy;  seeds 
small,  sunken.  Fruit  matures  in  mid-season;  large,  often  furrowed,  roundish-conic 
to  a  very  blunt  and  wide  wedge,  dull,  unattractive  medium  red,  colors  unevenly; 
apex  indented,  often  green-tipped  or  with  hard,  undeveloped  tip;  fleish  slightly  whitish 
toward  the  center,  very  juicy,  firm,  subacid,  pleasant  flavored,  aromatic;  good  in 
qiuditjr. 
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A  perfect-flowering  variety  intermediate  both  in  season  of  bloom  and  in  fruiting. 
Berries  do  not  retain  siie  in  lata*  pickings,  variable  in  color,  dull  and  unattractive 
in  appearance.    Not  recommended. 

Dewdrop. —  (H.  F.  Dew,  Albion,  Mich.)  Said  to  be  hybridised  from  the  old 
French  Jocunda  and  a  wild  prairie  plant  by  Mr.  Dew.  Advertised  as  an  "  ever- 
bearing "  strawbeny. 

Plants  few  in  nimiber,  healthy;  leaves  large,  medium  to  dark  green,  rugose;  flowers 
perfect,  one  and  three-sixteenths  inches  across;  petals  roundish,  entire;  stamens 
short;  receptacle  large,  prominent;  fruit-stems  long,  thick,  prostrate,  branching; 
calyx  very  large,  raised,  reflexed,  leafy,  dull  green;  seeds  sunken.  Fruit  matures 
late;  large  to  very  large,  decidedly  irregular  in  shape,  strongly  furrowed,  wedge  to 
irregular  conic  varying  to  almost  oblate,  often  necked,  variable  in  color  averaging 
dull,  unattractive  medium  red;  apex  strongly  indented,  often  green-tipped  or  hard 
and  undeveloped;  flesh  whitish  toward  the  center,  not  juicy,  coarse,  firm,  subacid, 
mild;  fair  in  quality. 

Requires  close  planting  for  matted  rows  as  but  few  runners  are  produced.  A  late- 
ripening  variety  superior  in  plant-characters  rather  than  in  those  of  the  fruit.  Bemes 
unusually  large  but  the  shape  is  decidedly  variable,  the  surface  furrowed  and  the 
apex  often  misshapen  and  inclined  to  green  tips;  flavor  better  than  appearance  would 
indicate.  Not  promising  as  a  variety  ripening  in  June.  Its  everbearing  tendency 
was  not  tested  as  the  earlier  record  was  so  unfavorable. 

DiM  No,  1. —  (Benjamin  L.  Diehl,  Danville,  Pa.)  A  seedling  of  unknown  parent- 
age originating  with  Mr.  Diehl  in  1908,  not  yet  intimiuoed. 

Plants  few,  large  to  medium,  vigorous,  considerably  affected  with  leaf  spot;  leaves 
laige,  rather  light  green,  rugose;  flowers  perfect,  fifteen-sixteenths  inch  across;  petals 
roundidi;  stamens  numerous;  fruit-stems  thick,  erect,  double;  calyx  sUghtiy  raised; 
seeds  variable  in  position.  Fruit  matures  late;  large,  with  furrowed  surface;  irregular 
in  shape,  varying  from  wedge  to  conic,  oft^  coxcomb,  necked,  glossy,  attractive 
medium  red;  apex  slightly  pointed;  flesh  somewhat  whitish  toward  center,  juicy, 
sweet,  mild,  pleasant  fiivored;  good  in  quality. 

A  poor  plant-maker;  foliage  subject  to  diaeaoe.  Fruit  appeared  to  have  consider- 
able value  at  the  first  picking  on  account  of  size,  attractive  color  and  high  quality. 
AU  later  pickings  were  disappointing,  becoming  decidedly  variable  in  sise  and  shiqpe. 
Surpassed  by  otiier  varieties. 

Dunlap.—  (L.  J.  Farmer,  Pulaski,  N.  Y.) 

A  well-known  variety  commercially  grown  in  many  localities  and  considered  one 
of  the  best  medium  early  or  early  midnseason  kinds.  Fully  described  in  Bulletin 
No.  309. 

Dunmore.—  (H.  J.  Schild,  Ionia,  Mich.)  Or^gniated  by  Mr.  Schild  in  1905  as 
a  cross  between  Bed  Dawn  and  a  seedling  of  h£,  No.  19,  parentage  of  which  was 
Red  Dawn  X  Ionia  Market.    Introduced  in  1910  by  A.  B.  Sibert,  Rochester,  Indiana. 

Plants  numerous,  productive,  healthy;  leaves  sU^^tiy  rugose;  flowers  imperfect, 
season  of  bloom  early,  small,  averaging  seven-eighths  inch  across;  petals  overlapinng, 
small,  roxmdish-oval;  receptacle  broad-conic;  fruit-stems  short,  thick,  prostrate, 
much  branching;  calyx  flat;  seeds  variable  in  position.  Fruit  matures  in  mid-season; 
variable  in  sise  ranging  from  large  to  medium,  roundish-conic  to  wedge,  medium 
to  dark  glossy  attractive  red,  colors  unevenly;  apex  obtuse;  flesh  well  colored  to 
center,  nuld;  good. 

FVuited  in  1912  and  again  in  1914.  An  early-blooming,  imperiect-flowering  variety 
with  fairly  good  plant-habits.  Fruit  not  uniform  in  sise,  attractive  color,  ships 
poorly;  suriMused  by  other  varieties. 

Early  Jersey  Qiant —  (J.  T.  Lovett,  Little  Silver,  N.  J.)  A  seedling  of  unknown 
parentage  originated  in  1907  by  Dr.  Walter  Van  Fleet,  formeriy  of  little  Silver, 
N.  J.,  but  now  connected  with  the  United  States  Department  of  Agriculture;  intro- 
duced by  Mr.  Lovett  in  1912. 

Plants  medium  to  ntunerous,  large,  vigorous,  very  productive,  healthy;  leaves 
large,  rugose;  flowers  perfecti  season  of  bloom  early,  one  and  three-eighths  inehes 
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aeroes;  petab  roundish;  stameDB  numerous;  fniit-fltems  medium  to  long,  thick,  erect, 
branching;  calyx  large,  slightly  raised,  leafy,  dull  green;  seeds  slightly  raised.  Fruit 
matures  early;  large,  oblong-conic  to  wedge,  slightly  necked,  dull,  rather  unattractive 
medium  red;  apex  pointed;  flesh  attractive  red,  not  very  juicy,  coarse,  sweet,  mild, 
not  high  flavored;  fair  in  quality. 

An  early-blooming,  very  productive  variety  maturing  early;  plant-characters 
desirable;  although  of  largest  size  the  fruit  is  unattractive  in  color,  very  mild,  with 
but  little  juice,  characteristically  long  m  outline,  not  high  in  flavor;  surpassed  in 
value  by  other  varieties. 

Early  Queen. —  (E.  W.  Townsend,  Salisbury,  Md.)  A  seedling  of  unknown  parent- 
age originating  with  E.  W.  Townsend,  Jr.,  in  1908,  and  introdu^  by  Mr.  Townsend 
in  1910. 

Plants  very  numerous  and  vigorous,  very  productive,  healthy;  leaves  small,  rugose; 
flowers  perfect,  season  of  bloom  early,  one  and  one-sixteenth  inches  across;  petals 
large,  roundish;  stamens  numerous,  long;  receptacle  large,  prominent,  roundish; 
fruit-stems  short,  prostrate,  branching;  calyx  depressed,  reflexed;  seeds  small,  incon- 
spicuous, sunken.  FVuit  matures  in  mid-season-  large,  blunt-wedge  to  slightly 
roundish,  with  roughish  surface,  glossy,  light  rea,  colors  unevenly;  apex  variable 
in  shape;  flesh  well  colored  to  center,  very  juicy,  tender,  subacid,  mild,  not  high 
flavored;  fair  in  quality. 

Plants  very  vigorous,  increase  rapidly.  An  early-blooming  variety.  Fruit  does 
not  retain  siie  in  later  pickings,  bruises  easily,  low  in  flavor. 

Ernest. —  (E.  W.  Townsend,  Salisbury,  Md.)  A  seedling  of  unknown  parentage 
origiuAted  by  E.  W.  Townsend,  Jr.,  in  1907,  and  introduced  by  Townsend  &  Company 
in  1911. 

Plants  vigorous,  productive,  healthy;  leaves  glossy;  flowers  imperfect,  bloom  in 
early  mid-season,  fifteen-sixteenths  inch  across;  petals  small,  roundish  to  almost 
oblate,  five  to  seven  in  number;  receptacle  small,  conical;  fruit-stems  variable  in 
length,  thick,  semi-erect  to  prostrate,  much  branching;  calyx  small,  depressed  attrac- 
tive green;  seeds  variable  in  position.  Fruit  matures  in  mid-season;  laige  to  medium, 
broad,  blunt  wedge,  glossy  light  red;  apex  obtuse;  flesh  well  colored  to  center,  mild, 
not  high  flavored;  fair  in  quidity. 

An  imperfect-flowering  variety  maturing  its  fruit  in  mid-season.  Berries  light 
red,  not  very  firm,  of  good  size  and  shape  but  bruise  easily  and  not  of  highest 
quality. 

Etler^mrg  No.  71.—  (Albert  Etter,  Bricehuid,  Cal.)  Originated  in  1905  by  Mr. 
Etter,  and  introduced  by  him  in  1913.  It  was  secured  from  seed  of  Michels  Early 
crossed  with  Rose  Ettersburg. 

Plants  numerous,  vigorous,  very  productive,  with  but  a  trace  of  leaf  spot;  leaves 
slightly  rugose;  flowers  imperfect,  season  of  bloom  late,  fifteen-sixteenths  inch  across; 
petals  broadly  oval,  six  to  eight  in  number;  fruit-stems  branching;  calyx  small, 
depressed  or  flattened;  seeds  raised.  Fruit  matures  very  late;  large,  roundish,  very 
pale,  unattractive  red;  apex  decidedly  obtuse;  flesh  distinctly  whitish  toward  center, 
very  juicy  and  tender,  sweet,  pleasant  flavored;  good  in  quality. 

A  late-blooming  and  late-ripening  variety,  fruit  of  which  is  characterized  by  its 
peculiar  color  —  a  pale,  light  red  —  roundish  shape,  and  whiteness  of  flesh;  although 
of  good  quality,  too  unat&ctive  in  color  and  too  soft  to  ship  well. 

Bttergburg  No.  76.—  (Albert  Etter,  Briceland,  Cal.)  Originated  in  1905  by  Mr. 
Etter  and  introduced  by  him  in  1913.    Parentage  the  same  as  EUersburg  No.  71. 

Plants  numerous,  medium  to  large,  vigorous,  productive,  slightly  injured  by  leaf 
spot;  leaves  rugose;  flowers  imperfect,  fifteen-sixteenths  inch  across;  petals  roundish, 
five  to  eight  in  number;  calyx  flat  to  slightly  depressed,  attractive  green,  leafy;  seeds 
raised.  Fruit  matures  late,  above  medium  to  small,  blunt-conic  to  blunt-wedge, 
medium  red,  slightly  glossy;  apex  often  pointed;  flesh  well  colored  to  center,  very 
juicy,  medium  to  finn,  sprightly;  fair  in  quality. 

Although  the  plants  are  productive  and  the  fruit  attractive  in  color  the  berries 
average  too  small  to  have  commercial  value. 
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BUenbura  No.  76,—  (iUbert  Etier,  Brioelaiid,  Cal.)  Qrighwlad  ia  1905  by  Mr. 
Etier  and  mtrodttoed  by  him  in  1913.  A  Michela  Early-Boae  Ettenbuxg  aeecUiag 
eroaaed  with  the  Cape  Mendocino  beaoh  strawbeny. 

Plants  vigorouB,  productive,  with  but  slight  trace  of  leaf  Bpbi;  leaves  dark  green, 
rugose;  flowers  perfect,  one  and  one-eighth  inches  across;  petals  roundish,  six  to 
nine  in  number;  stamens  numerous,  long;  receptacle  large;  fruit-stems  long,  thick, 
erect;  calyx  pale  green,  variable  in  position  although  usually  raised;  seeds  raised, 
conspicuous.  Fruit  matures  late;  above  medium  in  sise,  roundish  to  blunt-wedge, 
often  necked,  very  light,  unattractive  red;  apex  obtuse,  green-tipped,  often  hard 
and  undeveloped;  flesh  whitish  toward  center,  very  juicy,  tender,  sweet,  mild,  pleasant 
flavored;  good  in  quality. 

At  blooming  time  the  many,  large  blossoms  are  conspicuous,  above  the  foliage. 
Fruit,  althou^  of  good  quality,  is  unattractive  in  color  and  ships  poorly. 

EUerOntrg  No,  7P.—  (Albert  Etter,  Briceland,  Cal.)  Originated  by  Mr.  Etter  in 
1906  and  introduced  by  him  in  1913.    Parentage  the  same  as  Etter^mrg  No.  76. 

Plants  low-growing,  with  slight  trace  of  leaf  spot;  leaves  smallish,  light  green,  sligjhtly 
rugose;  flowers  imperfect,  fifteen-sixteenths  inch  across;  petals  roundish,  five  to  six 
in  number;  calyx  large,  slightly  raised  or  flattened,  very  leafy,  attractive  dark  green; 
seeds  raised.  Fruit  matures  late;  small,  roundish-conic,  often  necked,  attractive, 
medium  to  dark  red;  apex  obtuse;  flesh  whitish  toward  center,  very  juicy,  sweet, 
mild;  fair  in  qualify. 

Plants  characterized  by  their  low-growing  habit,  small  leaves  and  blossoms,  and  by 
the  large,  leafy  calyx  of  the  fruit.  Berries  too  small  and  inferior  in  flavor  to  have  value. 

SUer$hurg  No.  80.—  (Albert  Etter,  Briceland,  Cal.)  Originated  by  Mr.  Etter  in 
1905  and  introduced  by  him  in  1913.  Mr.  Etter  makes  the  following  statemoit 
in  regard  to  its  parentage.  "  A  seedling  of  Sharpless  X  Parry  of  the  third  generation 
was  crossed  with  the  Peruvian  beach  or  sand  strawberry,  producing  '  Rose  Etters- 
burg.'  Rose  Ettersburg  was  crossed  with  Califomica,  our  native  wood  strawberry, 
producing  No.  3.  No.  3  was  crossed  with  a  hybrid  from  Rose  Ettersburg  and  the 
Cape  Mendocino  beach  strawberry,  one  of  the  resulting  seedlings  being  EtUrtincrg 
No.  80." 

Plants  very  numerous,*  vigorous,  productive,  considerably  injured  by  leaf  spot: 
leaves  medium  to  large,  thick,  rugose:  flowers  perfect,  season  of  bloom  late,  one  and 
one-eighth  inches  across;  petals  rounoish,  five  to  six  in  number;  stamens  numerous; 
receptacle  large;  fruit-stems  long,  thick,  erect;  calyx  large,  flat  or  depressed,  leafy, 
attractive  green;  seeds  raised.  Fruit  matures  late;  large,  roundish-conic  to  blunt- 
wedge,  attractive,  light  to  medium  red;  apex  very  obtuse;  flesh  whitish  toward  center, 
very  juicy,  firm,  sweet,  pleasant  flavored;  good  in  quality. 

PUnts  should  be  given  sufficient  room  as  the  nmners  multiply  rapidly.  Leaves 
attractive  dark  green;  blossoms  large,  with  abundant  pollen.  Fruit  of  good  sise 
which  is  well-maintained  until  the  close  of  the  season,  attractive  both  in  color  and 
shape.  Worthy  of  test  on  account  of  the  many  desirable  characters  of  both  plant 
and  fruit  although  the  foliage  may  sometimes  be  injured  by  disease  and  under  certain 
conditions  the  light  center  of  the  berries  may  be  undesirable. 

Eitenhurg  No.  84.—  (Albert  Etter,  Briceland,  Cal.)  Originated  in  1905  by  Mr. 
Etter  and  introduced  by  him  in  1913.    Parentage  the  same  as  Ettersburg  No.  S0» 

Plants  very  numerous,  large,  vigorous,  productive,  with  but  slight  trace  of  leaf 
spot;  leaves  medium  to  large,  dark  green;  flowers  perfect,  season  of  bloom  late,  one 
and  one-fourth  inches  across;  petals  nearly  round;  stamens  numerous;  receptacle 
large,  somewhat  prominent:  fruit-stemj  long,  thick,  erect;  calyx  large,  flat  or  raised, 
leafy,  attractive  green;  seeos  slightly  raised.  Fruit  matures  late;  large,  blunt-wedge 
to  conic,  often  slightly  necked,  glossy,  attractive,  medium  to  dark  red;  apex  obtuse; 
flesh  well  colored  to  center,  very  juicy,  firm,  sweet,  pleasant  flavored;  good  in  quality. 

The  plants  should  not  be  crowded  in  setting  as  th^r  multiply  rapidly  makmg  a 
wide,  matted  row.  A  perfect-flowering,  late-blooming  variety,  especially  desirable 
in  localities  subject  to  late  spring  frosts.  Fruit  distincUy  hite  and  with  characteristic 
dark  green  leafy  calyx.  Equal  to  the  best  commercial  varieties.  Worthy  of  mote 
extended  trial. 
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SUardmiv  ffo.  88.—  (Albert  Etter,  Briceland,  CtA.)  Originated  by  Mr.  Etter  in 
1905  and  introduced  by  him  in  1913.    ''  A  native  Fragaria  Califomica  X  Wm.  Belt." 

PlantB  numerous,  vigorous,  very  productive  in  blossoms,  with  but  a  trace  of  leaf 
spot;  leaves  sli|^t1y  rugose;  flowers  imperfect,  season  of  bloom  early,  fifteen-sixteentha 
inch  across;  petals  nearly  roundish;  fruit-stems  semi-erect.  Fruit  witha^Bd  and 
dried  before  maturing,  together  with  plants,  being  unable  to  withstand  sun  and  ^ug)&t. 
No  berries  ripened. 

EUenbwrg  No.  89.—  (Albert  Etter,  Briceland,  Cal.)  Originated  by  Mr.  Etter  in 
1905  and  introduced  by  him  in  1913.  "A  hybrid  Marshall  X  Cape  Mendootno 
beach  "  strawberry. 

Plants  veiy  numerous,  large,  vigorous,  productive,  considerably  Injured  by  leaf 
spot;  leaves  large,  dark  green,  slightly  rugose;  flowers  perfect,  season  of  bloom  late, 
one  and  one-eixteenth  inches  across;  petals  nearly  round,  five  to  eight  in  number; 
stamens  numerous;  calyx  flat  or  depressed,  variable  in  color;  seeds  raised.  Fruit 
matures  late;  large,  roundish-conic,  dark,  glossy,  attractive  red;  apex  obtuse;  flesh 
well  colored  to  center,  juicy,  firm,  sweet,  mild,  pleasant  flavored;  good  in  quality. 

Phmt-habits  good  except  IJie  foliage  appears  subject  to  attacks  of  disease;  pUknts 
should  not  be  set  closely.  A  perfect-flowering,  late-blooming  variety  characterised 
by  its  dark  green  foliage  and  by  its  numerous  large,  showy  blossoms;  general  appear- 
ance somewhat  similar  to  EUertburg  No.  89.  Appears  valuable  as  a  productive, 
late-fruiting  variety;  ships  unusually  well.    Worthy  of  more  extended  trial. 

Bttenburg  No.  91.—  (Albert  Etter,  Briceland,  Cal.)  Originated  by  Mr.  Etter  in 
1905  and  introduced  by  him  in  1913.    Parentage  the  same  as  Ettersburg  No,  80. 

Plants  very  numerous,  vigorous,  unproductive,  considerably  injured  by  leaf  spot; 
leaves  medium  to  small,  rugose j  flowers  perfect,  season  of  bloom  late,  one  inch  across; 
petals  roundish,  five  to  seven  m  number;  stamens  numerous;  receptacle  medium  to 
small:  fruit-stems  thick,  erect;  calyx  flat  or  depressed,  unattractive  in  color;  seeds 
raised.  Fruit  matures  late;  above  medium  in  size,  roundish-conic,  unattractive  li^t 
to  medium  red;  apex  very  obtuse;  flesh  whitish  toward  center,  veiy  juic^,  firm,  sweet, 
mild,  pleasant  flavored;  good  in  quality. 

Plants  subject  to  disease;  calyx  detracts  from  appearance;  color  of  fruit  unattractive; 
not  promising. 

EUertburg  No.  99.—  (Albert  Etter,  Briceland,  Cal.)  Originated  by  Mr.  Etter  in 
1905  and  introduced  by  him  in  1913.    Parentage  the  same  as  Ettersburg  No.  80. 

Plants  numerous,  vigorous,  much  injured  by  leaf  spot;  leaves  large,  slightly  rugose; 
flowers  perfect,  season  of  bloom  late,  one  and  one^ixteenth  inches  across;  petals 
nearly  roundish,  five  to  seven  in  number;  stamens  numerous,  rather  long;  cal^  flat 
or  d^ressed,  dull  in  color;  seeds  raised.  Fruit  matures  very  late;  above  medium  to 
medium  in  size,  roundish  to  oblate,  dark,  glossy,  attractive  red;  apex  very  obtuse; 
flesh  well  colored  to  center,  juicy,  firm,  sweet,  pleasant  flavored;  good  in  quality* 

A  late-blooming  and  late-ripening  variety  subject  to  attacks  of  disease;  altiiough 
of  hi^  quality  does  not  average  large  enough  for  conunercial  purposes. 

EUertburg  No.  94.—  (Albert  Etter,  Briceland,  Cal.)  Originated  in  1905  by  Mr. 
Etter  and  introduced  by  him  in  1913.  Mr.  Etter  states  that  the  parentage  is  "  a 
white  Alpine  crossed  witii  a  hybrid  Rose  Ettersburg-Califomica." 

Plants  numerous,  vigorous,  with  but  a  trace  of  leaf  spot;  leaves  slightly  nigose; 
flowers  imperfect,  season  of  bloom  late,  fifteen-sixteenths  inch  across;  petals  roundish; 
calyx  flat  or  depressed,  dull  green;  seeds  very  numerous  and  prominent.  Fruit  ma- 
tures late;  large  to  medium,  furrowed,  very  dark,  unattractive  red;  apex  pointed; 
flesh  well  colored  to  center,  very  firm,  tart,  not  pleasant  flavored;  poor  m  quality. 

Although  of  good  sise,  appears  worthless  on  account  of  seedy  appearance  of  the 
fruit  and  undesirable  flesh-qualities. 

EUertburg  No.  111.—  (Albert  Etter,  Briceland,  Cal.)  Originated  m  1905  l^  Mr. 
Etter  and  introduced  by  him  in  1913.    Parentage  the  same  as  Ettersburg  No.  80. 

Plants  numerous,  medium  to  small,  considerably  injured  by  leaf  spot;  leaves  rather 
small,  dark  green,  rugose;  flowers  perfect,  season  of  bloom  late,  one  inch  across; 
petab  roundish,  five  to  seven  in  number;  stamens  numerous;  fruit-stems  thick,  erect; 
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calyx  raiaed;  seeds  variable  in  poritkm.  Fruit  matares  late;  taige  to  medium,  ocnie 
to  slightly  wedge,  necked,  attractive,  light  to  dark  red,  colon  unevenly;  apex  slightly 
pointod;  flesh  whitish  toward  center,  very  juicy,  tender,  sweet,  mild;  fair  in  quality. 
Foliage  characteristically  dark  green,  considerably  injured  by  disease.  The  fiut^ 
although  of  good  size,  is  too  soft  to  ship  well  and  the  quality  is  rather  low. 

Ettershurg  No.  ttt,—  (Albert  Etter,  Briceland,  Cal.)  Originated  by  Mr.  Etter  m 
1905  and  introduced  by  him  in  1913.    Parentage  the  same  as  BUershwrg  No,  90, 

Plants  numerous,  below  medium  in  size,  medium  to  unproductive;  leaves  daric 
green,  rugose;  flowers  perfect,  season  of  bloom  very  late,  one  inch  across;  petals  neariy 
round,  five  to  six  in  number;  stamens  numerous;  fruit-etems  thick,  erect;  calyx  raised; 
seeds  sunken.  Fruit  matures  very  late;  large  to  above  medium,  conic  to  slightly 
wedge,  necked,  glossy,  attractive  light  to  medium  red,  colors  unevenly;  apex  ali^tly 
pointed;  fledi  whitish  toward  center,  juicy,  sweet,  pleasant  flavored;  good  to  very 
good. 

A  low-growing  variety  with  dark  green  foliage;  the  latest  to  bloom  of  all  varieties 
tested  in  1914,  hence  may  have  value  in  locations  subject  to  late  spring  frosts;  althou^ 
berries  are  somewhat  variable  in  color  and  light  at  the  center  —  the  variety  is  worthy 
of  test  for  a  very  late  ripening  kind  on  account  of  its  high  quality. 

EUerahurg  No.  114- —  (Albert  Etter,  Briceland,  Cal.)  Originated  by  Mr.  Etter  in 
1905  and  introduced  by  him  in  1913.    Parentage  the  same  as  BUershwrg  No.  94, 

Plants  numerous,  large,  vigorous,  medium  to  productive,  considerably  injur^  by 
leaf  spot;  leaves  large,  rugose;  flowers  imperfect,  season  of  bloom  late,  fifteen-six- 
teenths inch  across;  petals  nearly  roundish,  six  to  ten  in  number;  receptacle  large, 
prominent;  fruit-etems  long,  thick,  erect;  calyx  rather  large,  flat  or  depressed;  seeds 
very  conspicuous  at  the  apex,  raised.  Fruit  matures  late;  above  medium  to  small, 
irregular-conic  to  blunt-wedge,  slightly  furrowed,  dull,  tmattractive,  light  to  medium 
red;  apex  seedy  in  appearance;  flesh  whitish  toward  center,  firm,  sprightly;  fair  in 
quality. 

Although  one  of  the  best  of  shippers,  the  fruit  is  too  dull  in  color  and»does  not 
rank  high  enough  in  quality  to  attract  attention. 

EUersbtarg  No.  116.—  (Albert  Etter,  Briceland,  Gal.)  Originated  in  1905  by  Mr. 
Etter  and  introduced  by  him  in  1913.    Parentage  the  same  as  EUerabwrg  No,  94,^ 

Plants  numerous,  small,  much  injured  by  leaf  spot;  leaves  medium  to  small,  li|^t 
to  medium  green;  flowers  imperfect,  five-eighths  indi  across;  petals  broadly  oval  to 
roundish,  five  in  number;  receptacle  large  to  medium,  prominent;  fruit-stems  thick, 
semi-erect;  calyx  small,  flat  or  depressed,  light  green;  seeds  prominent,  raised.  Fruit 
matures  in  mid-eeason;  medium  to  small,  furrowed,  conic  to  wedge,  dull,  unattractive, 
light  red;  apex  slightly  pointed,  green-tipped  and  often  hard  and  undeveloped;  fle^ 
whitish  toward  center,  very  juicy,  firm,  tart;  fair  in  quality. 

Plants  severely  injured  by  disease.  Fruit  decidedly  unattractive  in  general  ap- 
pearance and  inferior  in  flesh-qualities. 

Ettershurg  No.  121.—  (Albert  Etter,  Briceland,  Gal.)  Oricpnated  in  1905  by  Mr. 
Etter  and  introduced  by  him  in  1913.  A  "  hybrid  of  the  wild  Alpine  croesed  witii 
the  Cape  Mendocino  beach  strawberry.'' 

Plants  numerous,  vigorous,  productive,  considerably  injured  by  leaf  spot;  leaves 
medium  to  small,  slightly  rugose;  flowers  perfect,  season  of  bloom  late,  one  and  one- 
sixteenths  inches  across;  petals  broadly  oval  to  roundish,  five  to  ten  in  number;  sta- 
mens numerous;  receptacle  medium  to  small;  fruit-stems  erect;  calyx  slightly  raised, 
pale  red;  seeds  raised.  Fruit  matures  late;  small  to  medium,  roundish  to  blunt- 
wedge,  slightly  necked,  glossy,  attractive,  dark  red;  apex  obtuse;  flesh  well  colored 
to  center,  juicy,  firm,  sweet,  mild;  fair  in  quality. 

Foliage  uniformly  medium  in  height,  with  smallish  leaves  among  which  are  thickly 
intermingled  the  rather  laige,  conspicuous  blossoms.  The  greatest  defects  are  in 
the  small  size  of  the  fruit  and  in  the  lack  of  high  quality. 

Flllbasket. —  (Vilmorin-Andrieux  Nursery  Co.,  Paris,  France.) 
Plants  inferior  in  size  and  vigor,  considerably  injured  by  leaf  spot;  leaves  small, 
dark  green;  flowers  perfect,  season  of  bloom  late,  often  one  and  one-half  incha 
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petab  broadly  roundish  to  oval,  eight  in  number;  stamena  numerous,  long;  frait- 
stems  short,  with  long  branchlets;  calyx  large,  raised,  not  reflexed,  l^y;  seeds  prom- 
inent, raised.  Fruit  matures  late;  medium  in  sise,  oblong-conic  to  wedge,  dull, 
li|^t  red,  colors  unevenly;  apex  pointed;  flesh  decidedly  whituh  toward  center,  sweet, 
pleasant  flavored;  good  in  quality. 
A  late-blooming  and  late-ripening  variety  inferior  both  in  plant-  and  fruit-characters. 

First  Prize. —  (E.  W.  Townsend  k  Co.,  Salisbury,  Md.)  A  seedling  of  unknown 
parentage  originated  by  E.  M.  Ruark,  Sharptown,  Wicomico  County,  Md.,  and 
introduced  by  Townsend  and  Company  in  1910. 

Plants  very  productive,  healthy;  leaves  large,  dark  green;  flowers  perfect,  season  of 
Uoom  eariy,  large,  averaging  one  and  five-sixteenths  inches  across;  petals  roimdish- 
oval,  eight  to  nine  in  number;  stamens  numerous;  fruit-stems  variable  in  length, 
tiiiek,  prostrate;  calyx  large,  variable  in  position,  leafy;  seeds  prominent.  Fruit 
matures  early;  very  large,  irregular  wedge  shape,  with  furrowed  surface,  medium  to 
light  red,  colors  unevenly;  apex  green-tipped,  often  hard  and  undeveloped;  flesh  not 
very  jui^y,  coarse,  subacid,  znild;  fair  in  quality. 

Not  attractive  in  shape  of  fruit,  coarse  in  general  appearance;  surpassed  by  other 
more  promising  varieties. 

Four  Seasons. —  (Vilmorin-Andrieux  Nursery  Co.,  Paris,  France.) 
Plants  few  in  number,  small,  weak,  low-growing,  unproductive,  healthy;  leaves 
very  small,  light  green;  flowers  perfect,  season  of  bloom  early,  very  small,  averaging 
one-half  inch  in  diameter;  petals  obovate,  five  to  six  in  number;  stamens  short;  fruit- 
stems  very  slender,  erect;  calyx  large  for  size  of  beny,  flattened;  seeds  prominent, 
raised.  Fhiit  matures  in  mid-season;  very  small,  conic,  whitish,  unattractive;  apex 
pointed;  flesh  tart,  flat;  poor  in  quality. 

Plants  lacking  in  vigor  and  productiveness;  foliage  unusually  small.  An  early- 
blooming  variety  with  small  blossoms.  Fruit  small,  unattractive,  whitish,  decidedly 
inferior  both  in  flavor  and  quality. 

Qoiden  Gate. —  (S.  H.  Warren,  Weston,  Mass.)  Described  and  recommended  for 
trial  in  Bulletin  No.  309,  1908. 

Qoodell. —  (Sunnydde  Nursery  Co.,  Sunnyside,  Wash.)  Originated  by  Samuel 
Goodell,  Seattle,  Washington,  fruiting  for  the  first  time  in  1906;  secured  by  crossing 
Marshall  with  a  white  seedling.  Mr.  Goodell  reports  that  the  white  seedling  is  a 
seedling  of  ''  Royal  Sovereign  (English)  by  the  white  strawberry  Louis  Gauthier 
(French)."    Introduced  by  the  Sunnyside  Nursery  Co.,  in  1910. 

Plants  few,  small,  medium  to  weak,  low  m  habit  of  growth,  very  productive,  with 
but  slight  leaf  spot;  leaves  small,  rugose;  flowers  perfect,  season  of  bloom  early,  thirteen- 
sixteentha  inch  across;  petals  roundish,  six  to  seven  in  number;  stamens  numerous; 
fruit-stema  medium  to  short,  somewhat  slender,  prostrate;  calyx  small,  depressed; 
seeds  prominent,  detracting  somewhat  from  appearance.  Fruit  matures  in  mid- 
season;  above  medium  to  snukll,  blunt-wedge,  glossy,  attractive  dark  red;  apex  variable 
in  shape,  often  green-tipped,  hard  and  undeveloped;  flesh  well  colored  to  center, 
juipy,  very  firm,  sweet,  pleasant  flavor^;  good  to  very  good. 

Plants  not  very  vigorous  although  productive;  an  early-blooming  variety,  maturing 
its  fruit  in  mid-season;  berries  inferior  in  size,  poorly  developed  at  apex,  often  seedy 
in  appearance  but  of  high  quality. 

Good  Ludc—  (W.  F.  Allen,  Salisbuiy,  Md.) 

A  seedling  of  unknown  parentage  found  by  a  Mr.  Elwood  Pedriok,  Cumberland  Co., 
Md.,  about  1904  and  introduced  by  Mr.  Allen  in  1907.  Described  and  recommended 
for  more  extended  trial  in  Bulletin  No.  309,  190S.  Fruited  for  three  years  since 
that  time  and  again  recommended  for  testing  on  account  of  its  high  quality;  must 
be  picked  with  care  to  avoid  green  tips. 

Goodwin.—  (H.  J.  Schild,  Ionia,  Mich.)  Originated  by  Mr.  Schild  in  1905  as  a 
cross  between  Red  Dawn  and  one  of  his  seedlings,  No.  19,  parentage  of  which  was 
Red  Dawn  X  Ionia  Market.    Introduced  by  A.  B.  Sibert,  Rochester,  Indiana,  in  1910. 

Plants  rather  few,  vigorous,  productive,  subject  to  leaf  spot;  leaves  large,  very  dark 
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green,  ragoee;  flowers  perfect,  bloom  in  late  mid-aeason,  one  and  five-aixteeiitlia 
inches  across;  petals  large,  roundish-oval,  six  to  sevoi  in  number;  stamens  numerous; 
receptacle  broad-conic;  fruit^tems  short,  thick,  prostrate,  much-branched;  ealjrz 
large,  flattened,  reflexed;  seeds  sunken.  Fruit  matures  in  mid-eeaeon;  large,  conic 
but  broad  at  the  base,  glossy,  attractive  dark  red,  colors  evenly;  apes  pointed;  fledi 
well  colored  to  center,  very  juicy  and  firm,  pleasant  flavored,  spnf^tly;  very  good 
in  quality.  -j 

Plants  should  be  set  closer  than  most  varieties  as  but  few  runners  are  produced; 
foliage  decidedly  dark  green  in  color;  worthy  of  further  test  on  account  of  good  sise, 
shape,  oolor  and  high  quality  of  the  fruit,  especially  in  the  earlier  pickings. 

Qov.  Fort. —  (T.  C.  Kevitt,  Athenia,  N.  J.)  A  cross  of  Sample  X  Olen  Biary 
originating  with  Mr.  Kevitt  in  1906  and  introduced  by  him  in  1910. 

Plants  few,  productive,  with  but  a  trace  of  leaf  spot;  leaves  light  green,  rugose; 
flowers  perfect,  bloom  in  late  mid-season,  one  and  one-aisrteenths  inches  across;  petals 
roundish,  five  to  seven  in  number;  stamens  numerous,  rather  short;  receptacle  small, 
roundish;  fruit-stems  long,  thick,  nearly  prostrate,  but  little  branched;  calyx  flat; 
seeds  variable  in  position.  Fruit  matures  in  mid-aeason;  above  medium  in  sise, 
long-wedge  to  long-conic,  dull,  rather  unattractive  light  red;  apex  somewhat  pointed; 
flesh  whitish  towanl  center,  subacid,  very  mild,  not  pleasant  in  flavor;  poor  in  quality. 

A  mid-eeason  variety  of  good  size,  with  long-conic  or  long-wedge  apex,  not  attractive 
in  shape  or  oolor,  not  very  juicyt  and  surpassed  both  in  flavor  and  quality  by  other 
varieties. 

Grand  Marie.—  (H.  J.  Schild,  Ionia,  Mich.)  Originated  by  Mr.  Schild  m  1905 
aa  a  cross  between  Red  Dawn  and  one  of  his  seedlings.  No.  19,  parentage  of  which 
was  Red  Dawn  X  Ionia  Market.  Introduced  by  A.  B.  Sibert,  Rochester,  Indiana, 
in  1910  as  a  "  fig  type  "  strawberry. 

Plants  vigorous,  productive,  with  but  a  trace  of  leaf  spot;  leaves  large,  rugose; 
flowers  perfect,  bloom  in  early  mid-season,  one  and  five-sixteenths  inches  acroes; 
petals  lurge,  roundish,  five  to  seven  in  number;  stamens  numerous  diiort;  receptacle 
roundish-conic,  often  compressed;  fruit-stems  medium  to  short,  thick,  prostrate, 
much-branched;  calyx  large,  raised,  reflexed,  dull  green;  seeds  variable  in  position. 
Fruit  matures  early;  very  large,  faintly  furrowed,  conic  to  slightly  oblong,  necked, 
glossy,  attractive  medium  red,  colors  evenly;  apex  strongly  pointed,  inclined  to  green 
tips;  flesh  whitish  toward  center,  firm,  sweet,  mild;  good  in  quality. 

A  perfect-flowering  variety  blooming  late  enough  to  avoid  spring  frosts.  Fruit 
characterized  by  the  long,  tapering  apex  and  must  be  picked  with  care  to  avoid  green 
tips;  a  good  shipper;  berries  of  largest  size  and  attractive  in  color;  worthy  of  testing 
on  account  of  its  many  desirable  qualities. 

Qraqger.—  (E.  H.  @key,  Steubenville,  Ohio.) 

A  sei^ling  of  unknown  parentage  receiving  brief  mention  in  Bulletin  No.  336, 1911. 
Faulted  again  in  1912  and  1914.  Considered  worthy  of  trial  on  account  of  attractive- 
ness  of  fruit  and  high  quality;  a  large,  long-conic  or  wedge-shaped  berry;  ships  well. 

Plants  healthy;  leaves  large,  dark  green,  rugose.  Flowers  imp^eot;  calyx  flat, 
leafy;  seeds  sui^en.  Fruit  matures  rather  late  or  in  late  mid-season;  luge,  long- 
conic,  attractive  bright  red;  apex  pointed;  flesh  well-colored  to  center,  jui<7,  finn, 
pleasant  subacid,  high-flavored;  very  good  in  quality. 

Helen  Davis. —  (George  W.  Davis,  Brazil,  Ind.)  A  chance  seedling  found  by  Mr. 
Davis  in  the  summer  of  1905  and  introduced  in  the  spring  of  1911  by  the  R.  M.  KeUogg 
Ck>mpany,  Three  Rivers,  Michigan. 

Plants  very  numerous  and  vigorous,  productive,  somewhat  Injured  by  mildew  and 
leaf  spot;  leaves  above  medium  in  size,  rugose;  flowers  perfect,  one  and  one-eighth 
inches  across;  petals  large,  roundish;  stamens  numerous,  long;  receptacle  laige,  round- 
ish; fruit-stems  medium  to  long,  thick,  semi-erect;  calyx  large,  depressed  or  flattened, 
leafy,  pale  green;  seeds  small,  inconspicuous,  sunken.  Fruit  matures  in  mid-seasoii; 
large,  blunt-eonio,  rather  dull,  light  red;  apm  often  wedge-shaped;  flesh  whitiah 
toward  center,  vciy  jui(Qr»  tender,  subacid,  low  in  flavor;  pow  in  quality. 
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A  perfect-flowering  variety,  plants  of  which  are  characterised  by  their  number, 
vigor  and  height.  Tlie  most  serious  defects  are  in  the  fruit  which  is  too  light  in  color, 
too  soft  for  shipping  and  inferior  in  flavor. 

Hub. —  (S.  H.  Warren,  Aubumdale,  Mass.)  Originated  in  1901  by  George  P. 
Fuller,  Melrose,  Mass.,  from  a  cross  between  Bubach  and  Belmont.  Introduced  by 
Mr.  Warren  in  1911. 

Plants  very  few,  small,  low-growing,  healthy;  leaves  light  green;  flowers  perfect, 
seven-eighths  inch  across;  petals  roundish,  five  to  six  in  number;  stamens  numerous; 
receptacle  medium  to  small;  fruit-stems  medium  to  diiort,  rather  slender,  erect;  calyx 
small,  depressed;  seeds  prominent,  raised.  Fruit  matures  in  mid-season;  above 
medium  to  medium  in  size,  regular  blunt-conic,  glossy,  attractive  dark  red;  apex 
seedy;  flesh  variable  in  color,  very  juicy,  firm,  sweet,  mild,  pleasant  flavored;  good 
in  quality. 

A  poor  plant-maker,  low  in  habit  of  growth,  blooming  and  ripening  in  mid-season; 
unusually  attractive  in  color,  of  high  quality  but  hicks  in  size  and  in  productiveness. 

Hughson. —  (George  J.  Kdlogg,  Lake  Mills,  Wis.)  A  chance  seedling  found  in 
the  woods  in  1906  by  Edward  Hughson,  Lake  Mills,  Wis.,  and  introduced  in  1909 
by  Mr.  Kellogg. 

Plants  numerous,  vigorous,  with  but  a  trace  of  leaf  spot;  leaves  dark  green,  rugose; 
flowers  imperfect,  one  and  one-sixteenth  inches  across;  petals  roundish,  five  to  seven 
in  number;  receptacle  medium  to  large,  prominent;  fruit-stems  thick,  semi-erect; 
calyx  large,  depressed;  seeds  much  sunken.  Fruit  matures  early;  large  to  medium, 
irregular  in  shape  varying  from  roundish  to  blunt-wedge,  medium  red;  apex  obtuse; 
flesh  whitish  toward  center,  firm,  tart,  not  high  flavored;  fair  in  quality. 

Although  one  of  the  best  of  shippers,  the  fruit  is  very  unattractive  in  general  ap- 
pearance, rapidly  decreases  in  size  as  the  season  advances  and  is  easily  surpaased  in 
flavor  by  other  varieties. 

Indiana. —  (A.  B.  Sibert,  Rochester,  Indiana.) 

Described  and  recommended  for  trial  in  Bulletin  No.  385,  April,  1914,  and  after 
one  more  season's  fruiting  still  considered  one  of  the  most  promising  of  the  more 
recent  introductions. 

Ionia  Market —  (H.  J.  Schild,  Ionia,  Mich.)  A  seedling  of  Parker  Earle,  originating 
with  Mr.  Schild  in  1895  and  introduced  by  him  in  1907. 

Plants  numerous,  above  medium  in  vigor  and  height,  productive,  slightly  injured 
by  leaf  spot:  leaves  medium  to  large,  dark  green,  rugose;  flowers  imperfect,  bloom 
in  early  mid-season,  one  inch  across;  petals  small,  roundish;  receptacle  roundish; 
fruit-stems  short  to  medium,  thick,  prostrate,  much  branched;  calyx  large,  raised, 
leafy,  attractive  in  color;  seeds  sunken.  Fruit  matures  early;  large,  conic  to  wedge, 
slightly  furrowed,  somewhat  necked,  glossy,  attractive,  medium  to  dark  red;  apex 
pointed,  sometimes  green-tipped;  flesh  well  colored  to  coiter,  firm,  subacid  to  tart; 
fair  to  good  in  quality. 

An  imperfect-flowering  variety  maturing  early,  of  good  size  and  shape;  not  equal 
to  the  best  varieties  either  in  flavor  or  in  quality. 

James  Todd. —  (Henry  Schnell,  Glasgow,  Mo.)  A  chance  seedling  found  in  1906 
by  Mr.  Schnell  and  received  from  him  at  this  Station  for  testing  in  1913. 

Plants  vigorous,  with  but  a  trace  of  leaf  spot;  leaves  rugose;  flowers  imperfect, 
seven-eighths  inch  across;  petals  nearly  roundish;  receptacle  prominent;  fruit-stems 
short,  semi-erect;  calyx  snudl,  flat  or  depressed;  seeds  variable  in  position.  Fruit 
matures  in  mid-season;  large  to  medium,  wedge  or  conic  but  somewhat  irregular  in 
^P^t  glossy,  attractive,  medium  red;  apex  slightly  pointed,  sometimes  hard  and 
undeveloped;  flesh  well  colored  to  center,  very  juicy,  firm,  pleaeant  flavored,  sprightly; 
good  in  quality. 

An  imperfect-flowering  variety  blooming  and  maturing  ite  fruit  in  mid-eeason; 
one  of  the  best  of  shippers;  benies  often  a  distinct  wedge,  of  good  size  in  the  earlier 
P]<2kings,  decreasing  in  size  and  in  attractiveness  of  color  as  the  season  advances; 
of  ck)ubtf ul  vahie. 
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KlOani^. —  (John  F.  Niekenon,  Chatham,  Maae.)  A  crnb  between  Goraican  amd 
Jessie  origmatisg  with  Mr.  Nickerson  in  1904  and  received  for  testing  at  this  Station 
in  1911.    Not  yet  introduced. 

Plants  very  numerous,  above  medium  in  vigor,  productive,  oonsidetably  injared 
by  leaf  spot;  leaves  large,  dark  green,  rugose;  flowers  perfect,  bloom  in  early  mid- 
season,  one  and  three-eighths  inches  across;  petals  large,  roundish,  seven  to  ten  in 
numbcar;  stamens  numerous,  rather  long;  receptacle  large,  roundish,  often  compressed; 
fruit-fitems  short,  thick,  prostrate,  much  branched;  calyx  large,  flat,  leafy,  unattractive 
in  color,  often  with  tinge  of  pink;  seeds  variable  in  position.  Fruit  matures  in  mid- 
season;  very  large,  strongly  furrowed,  wedge^hape,  dull,  unattractive  dark  red; 
apex  wedge^hape,  often  green-tipped;  flesh  w^  colored  to  center,  juipy,  firm,  pleasant 
subacid;  good  in  quality. 

Plants  should  be  set  at  a  good  distance  apart  as  runners  multiply  re^idly;  fruit 
characterised  by  its  large  size  and  the  deep  furrows  in  its  surface;  rather  ooane  in 
general  appearance  and  unattractive  in  color. 

Kittle  Rk:e.—  (M.  Crawford  Co.,  Cuyahoga  Falls,  Ohio.) 

For  histoiy  and  full  description  see  Bulletin  No.  336,  1911.  Fruited  twiee  mmok 
that  date  and  again  recommended  for  trial  on  account  of  high  quality. 

Late  Jersey  Qiant —  (J.  T.  Lovett,  Little  Silver,  N.  J.)  A  seedling  of  unknown 
parentage  originated  in  1907  by  Dr.  Walter  Van  Fleet  formerly  of  Little  Silver,  N.  J., 
now  with  the  United  States  Department  of  Agriculture,  Washington,  D.  C.,  and 
introduced  in  1912  by  Mr.  Lovett. 

Plants  vigorous,  very  productive,  with  but  a  trace  of  leaf  spot;  leaves  rugose;  flowers 
perfect,  fifteen-eixteenths  inch  across;  petals  roundish,  Gve  to  six  in  number;  stamena 
numerous;  fruitrstems  thick,  erect;  calyx  often  large,  flattened,  greenish  tinged  with 
red;  seeds  sunken.  Fruit  matures  late;  large,  roundish-conic  to  blunt-wedge,  dull, 
rather  unattractive  light  red;  flesh  whitish  toward  center,  sweet,  pleasant  flavored; 
good  in  quality. 

A  very  productive  late-ripening  variety;  fruit  of  large  size  but  lacks  attractivenesB 
of  color  and  not  one  of  the  best  cj  shippers;  the  large  and  oftoi  colored  calyx  detiaeta 
from  appearance. 

Latest  Of  All. —  (Vilmorin-Andrieux  Nursery  Co.,  Paris,  France.) 
Plants  small,  low-growing;  leaves  small,  dark  green;  flowers  perfect,  seaeon  of  bloom 
late,  one  and  one-lourth  to  one  and  one-half  inches  across;  petals  hroaA-ovBl;  stamens 
numerous,  long;  fruit-stems  short,  thick;  calyx  large,  not  reflexed,  leafy;  seeds  prom- 
inent, raised.  Fruit  matures  late;  medium  in  sise,  conic  to  wedge,  dull  light  red; 
apex  pointed,  often  green-tipped;  flesh  whitish  toward  center,  sweet,  mild;  fair  in 
qualily. 

A  late-blooming  and  late-ripening  variety  inferior  both  in  habits  of  growth  and  in 
the  character  of  the  fruit. 

Laxton's  Latest —  (Vilmorin-Andrieux  Nursery  Co.,  Paris,  France.) 
Plants  few,  unproductive,  subject  to  attacks  of  leaf  spot:  leaves  small,  light  green; 
flowers  perfect,  one  and  one-sixteenth  inches  across;  petals  roundish,  five  to  seven 
in  numbisr;  stamens  numerous,  variable  in  length;  fruit-etems  medium  to  short,  slendtf, 
prostrate;  seeds  raised.  Fhiit  matures  late;  medium  in  site,  wedge  to  long-eonic, 
glossy,  varying  from  light  to  dark  red;  apex  pointed;  flesh  whitish  toward  center, 
jui^,  subacid,  not  high  flavored:  poor  in  quali^. 

Surpassed  by  other  varieties  both  in  habits  of  growth  and  in  appeaianoe  and  in 
flavor  of  the  fruit. 

Lea.— •  (W.  F.  Allen,  Salisbury,  Md.)  Originated  by  Thos.  J.  Custis.  Craddock- 
ville,  Va.,  in  1907,  and  introduced  by  Mr.  Allen  in  1910. 

Plants  few  in  number;  leaves  small,  dark  green,  glosey;  flowers  p^eet,  season  of 
bloom  early,  one  and  one-eighth  inches  across;  petals  roundish,  five  to  eight  in  number; 
stamens  numerous;  receptacle  roundish;  fruit-etems  medium  to  long,  slender,  prostrate; 
calyx  small,  flat,  tinged  with  pink;  seeds  raised.  Fruit  matures  early;  small,  conic, 
glossy,  attractive  red,  colors  evenly;  apex  pointed;  flesh  well  colored  to  oenter,  juicy, 
tart,  not  high  flavored;  fair  in  quaUty. 
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Plants  lack  in  productiveneBS  and  fruit  is  deficient  both  in  sise  and  flavor  although 
attractive  in  color  and  a  good  shipper. 

Marshall. —  (From  bed  on  Station  grounds.) 

An  old  variety  fully  described  in  Bulletin  No.  909,  too  well  known  to  require  ex- 
tended description  here. 

Maryland  Prize.—-  (E.  W.  Townsend  A  Co.,  Salisbury,  Md.)  A  seedling  of  unknown 
parentage  said  to  have  originated  with  a  Mr.  Bell  of  Towson,  Md.,  in  1908.  Intro- 
duced by  Townsend  A  Company  in  1911. 

Plants  numerous,  vigorous,  very  productive,  healthy;  leaves  small;  flowers  imperfect, 
season  of  bloom  early,  seven-eighths  inch  across,  inconspicuous;  petals  small,  roundish, 
five  to  eight  in  number;  receptacle  roundish-oonic;  fruit-stems  long,  thick,  prostrate, 
much  branched' calyx  large  to  medium,  flat  or  slightly  raised,  often  leafy,  well  colored; 
seeds  raised.  Fruit  matures  in  mid-season;  large,  with  furrowed  surface,  conic  to 
wedge,  sometimes  slightly  necked,  dull,  medium  red,  colors  evenly;  apex  variable  in 
shapej  flesh  well  colored  to  center,  very  juicy,  subacid,  high  flavored;  good  to  very 
good  m  quality. 

Plant-characters  unusually  good,  especiaUy  in  yield;  an  imperfect-flowering,  early- 
blooming  variety,  maturing  its  fruit  in  mid-season.  Berries  althou|^  excellent  in 
sise  and  of  high  quality  are  unattractive  in  general  appearance  and  variable  in  shape; 
a  fairly  good  berry  but  surpassed  by  the  best  varieties. 

Mascot.—  (W.  F.  Allen,  Salisbury,  Md.)  Phmts  of  Mascot  described  in  Bulletin 
No.  336,  have  not  proved  true  to  name,  although  received  from  the  address  given 
above.  The  following  is  a  description  of  the  true  Mascot,  introduced  by  T.  M.  Han- 
back,  Warrentown,  Ya.,  plants  of  which  were  received  at  this  Station  from  W.  F. 

Plants  numerous,  productive,  with  but  a  slight  amount  of  leaf  spot;  leaves  rugose: 
flowers  perfect,  characteristically  large  and  with  crinkly  petals,  bloom  hite,  one  ana 
one-half  to  one  and  five-eighths  inches  across;  petals  rouncush-oval;  stamens  numerous, 
kmg;  receptacle  large,  prominent,  roundish:  fruit-stems  long,  thick,  semi-erect,  branch- 
ing but  little;  calyx  Urge,  slightly  raisea;  seeds  prominent,  raised.  Fruit  usually 
matures  late;  large,  blunt-wedge  to  nearly  roundish,  sometimes  slightly  necked,  dull, 
rather  unattractive  medium  red;  apex  pointed,  green-tipped,  often  somewhat  seedy  in 
appearance;  flesh  well  colored  to  center,  juicy,  firm,  sweet,  mild,  high  flavored;  very 
good  in  quality. 

Plant-habits  good;  flowers  characterized  by  their  size  and  by  the  crinkly  appearance 
of  the  petals;  a  late-maturing  variety,  of  largest  size  which  is  well  maintained;  pleasant 
flavoreid  and  of  high  quality;  surface  of  fruit  often  heavily  furrowed;  care  must  be  used 
in  picking  the  fruit  to  avoid  green  tips;  apex  not  always  well  formed;  worthy  of  test 
on  account  of  quality. 

Maud  Muller. —  (E.  W.  Townsend  &  Co.,  Salisbury,  Md.)  A  seedling  of  the 
Excelsior,  introduced  by  Townsend  A  Co.,  in  1912.  I 

Plants  very  numerous  and  vigorous,  productive,  with  but  a  slight  amount  of  leaf 
spot;  leaves  small,  smooth;  flowers  perfect,  season  of  bloom  late,  one  inch  across; 
petals  small,  broad-oval,  five  to  seven  in  number;  stamens  numerous,  long;  receptacle 
small;  fruit-stems  short,  slender,  prostrate,  single;  calyx  depressed;  seeds  small,  sunken. 
Fruit  matures  early;  above  medium  to  medium  in  size,  irregular-conic  to  wedge, 
often  furrowed,  glossy,  attractive  medium  to  dark  red;  apex  pointed;  flesh  well  colored 
to  center,  very  juicy,  firm,  subacid,  not  high  flavored;  fair  in  quality. 

A  very  vigorous,  perfect-flowering,  late-blooming  but  early-maturing  variety; 
berries  lacking  in  size,  inferior  both  in  flavor  and  quality. 

Missionary. —  (E.  W.  Townsend  A  Co.,  Salisbury,  Md.)  Said  to  have  originated 
in  Norfolk  County,  Virginia,  about  1900.  Mr.  Townsend  secured  plants  from  the 
originator  in  1905  and  introduced  the  variety  in  1906. 

Plants  very  numerous,  vigorous,  healthy;  leaves  light  green,  nearly  smooth;  flowers 
perfect,  season  of  bloom  early,  one  and  one-eighth  inches  across;  petals  roundish; 
stamens  variable  in  number  and  length;  receptacle  large,  conic;  fruit-stems  medium 
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to  long,  proBtrate,  branching;  calyx  small,  raised;  seeds  small,  moon^ucaous,  sunken; 
frait  matures  early;  above  medium  to  medium  in  siie,  blunt-conic,  often  necked, 
very  dark,  dull  red,  colors  evenly;  apex  somewhat  pointed;  flesh  well  colored  to  center, 
juicy,  very  firm,  tart,  not  pleasant  in  flavor;  fair  in  quality. 

Plants  develop  rapidly;  an  early  variety  both  in  season  of  bloom  and  in  time  of 
ripening;  fruit  well  shaped  and  of  good  color,  disappointing  in  sise  and  too  tart  for 
dessert;  an  excellent  shipper. 

ModeL—  (M.  Crawford  Co.,  Cuyahoga  Falls,  O.)  Originated  by  M.  S.  Hnbbell, 
East  Toledo,  Ohio.  Thought  to  be  a  seedling  of  Wm.  Belt.  Introduced  by  the 
Crawford  Company  in  the  spring  of  1913. 

Plants  numerous,  medium  to  large,  vigorous,  productive,  with  but  a  trace  of  leaf 
spot;  leaves  large;  flowers  perfect,  one  and  three-sixteenths  inches  across;  petals 
roundish,  five  to  seven  in  number;  stamens  numerous;  fruit-stems  thick,  semi-erect; 
calyx  laige,  raised,  leafy;  seeds  variable  in  position.  Fruit  matures  in  mid-season; 
large  to  medium,  irregular  in  shape  varying  from  wedge  to  conic,  oftoi  coxcomb, 
sometimes  slightly  necked,  dull,  unattractive  light  red;  apex  pointed;  flesh  well  colored 
to  center,  juicy,  firm,  sweet,  pleasant  flavored;  good  in  quality. 

Plant-habits  good;  although  fruit  is  of  high  quality,  the  shape  is  variable  and  the 
col<»  unattractive. 

Monroe. —  (J.  A.  Morgan,  Scottsville,  N.  Y.)  Fully  described  and  recommended 
for  trial  in  Bulletin  No.  336,  1911.  The  originator,  Mr.  Morgan,  received  the  Barry 
Medal  of  the  Western  New  York  Horticultural  Society  for  this  variety  at  its  meeting 
in  Rochester,  January  2&-30,  1914. 

NantkMike. —  (E.  W.  Townsend  A  Co.,  Salisbury,  Md.)  A  seedling  of  unknown 
parentage  originating  in  1907  with  a  Mr.  S.  Barkley,  Nanticoke,  Md.  Introduced 
by  Townsend  &  Co.,  in  1911. 

Plants  numerous,  vigorous,  productive,  with  a  slight  amount  of  leaf  spot;  leaves 
dark  green,  rugose;  flowers  perfect,  season  of  bloom  early,  one  and  one*eighth  inches 
across;  petals  broaa-oval;  stamens  numerous,  rather  long;  receptacle  variable  in  sise, 
roundish;  fruit-stems  short  to  medium,  rather  slender,  prostrate,  branched  but  little; 
calyx  ]BTg^  flat,  strongly  reflexed,  very  leafy,  attractive  green;  seeds  much  sunken. 
Fruit  matures  early;  large  to  below  medium,  roundish  to  blunt-wedge,  inegular, 
often  furrowed,  unattractive,  dull  light  red,  colors  evenly;  apex  very  blunt;  flesh 
whitish  toward  center,  firm,  subacid,  inferior  in  flavor;  poor  in  quality. 

Habit  of  plants  good  but  fruit  is  decidedly  dull  and  unattractive  in  color  and  general 
appearance  and  in  flavor  is  easily  surpassed  by  other  varieties. 

New  Discovery. —  (L.  J.  Farmer,  Pulaski,  N.  Y.)  A  seedling  obtained  by  erossing 
Warfield  with  Bubach  in  1894  by  L.  H.  Girton,  Bristol,  Ind.,  and  introduced  by  Mr. 
Farmer  in  1909. 

Plants  large,  vigorous,  very  productive,  healthy;  flowers  perfect,  brge,  often  one 
and  one-eighth  inches  across;  petals  roundish-oval;  stamens  numerous,  short;  fruit- 
stems  long,  semi-erect;  calyx  large,  raised,  leafy;  seeds  raised.  Fruit  matures  in 
mid-season;  large,  blunt-wedge  to  oval,  slifl^tly  necked,  glosey,  attractive  dark  red; 
apex  obtuse;  flesh  well  colored  to  center,  firm,  sweet,  miUd,  pleasant  flavored;  very 
good  in  quality. 

A  perfect-flowering  variety  both  blooming  and  maturing  its  fruit  in  mid-season. 
Plant-habits  good,  especially  in  yield;  fruit  of  excellent  sise,  one  of  the  most  attractive 
of  all  varieties  in  color;  worthy  of  test  on  account  of  attractiveness  of  external  char- 
acters; ships  unusually  well;  not  very  juicy,  rather  meaty,  a  **  fig-type  "  beiry. 

Norwood.—  (L.  J.  Farmer,  Pulaski,  N.  Y.)  Originated  in  1906  by  N.  B.  White, 
Norwood,  Mass.,  by  crossing  Corsioan  with  Marshall  and  introduced  by  Mr.  Fanner 
in  the  spring  of  1908. 

Plants  above  medium  in  sise,  vigorous,  healthy;  leaves  dark  green;  flowers  perfect, 
often  one  and  three-sixteenths  inches  across;  petals  roundish-oblate,  five  to  seven 
in  number;  stamens  numerous,  long^  calyx  raised;  seeds  sunken.  Fruit  matures  in 
mid-season;  above  medium  in  sise,  irregular  in  shape  vaiying  from  dongated-oonie 
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to  wedge,  alishtly  necked,  dull  light  red:  apex  variable  in  ahape;  flesh  whitish  toward 
emter,  not  very  juipy,  subacid,  not  high  flavored;  inferior  in  quality. 

Ote  the  heavy  cUy  soil  of  this  Station  the  fruit  is  a  disappointment  —  irregular  in 
shape,  lackmg  in  sise  and  low  in  quality.  Its  record  must  be  much  better  Si  other 
locations  as  it  was  given  first  prise  by  the  Massachusetts  Horticultural  Society  in 
1906. 

Ohio  Boy.—  (W.  S.  Todd,  Greenwood,  Del.)  Originated  by  A.  A.  Eppert,  Amelia, 
Ohio. 

Plants  numerous,  vigorous,  very  productive,  healthy;  leaves  li^t  green,  smooth; 
flowers  perfect,  season  of  bloom  very  late,  large,  often  one  and  one-fourth  inches 
aeross;  petals  wrinkled,  large,  roundish,  six  to  eight  in  number;  stamens  numerous, 
kmg;  receptacle  large,  roundish;  fruit-stems  long,  thick,  semi-erect,  much  branched; 
calyx  very  large,  rajsed,  leafy;  seeds  small,  rather  prominent,  raised.  Fruit  matures 
in  mid-aeason;  variable  in  sise,  wedge^haped,  rather  dull  medium  red,  colors  unevenly; 
apex  blunt-wedge;  flesh  juicy,  firm,  subacid;  poor  in  quality. 

A  very  late-blooming  variety  with  good  plant-habits  but  lacking  in  sise  of  fruit 
and  also  in  quality;  surpassed  by  other  varieties. 

PiRtBgOfiia* —  (Luther  Burbank,  Santa  Rosa,  Cal.)  Originated  by  Luther  Burbank 
in  1007.  Said  to  be  obtained  by  crossing  the  imported  Wild  Chilian  with  some  of 
the  best  American  strains. 

Plants  vigorous,  productive,  considerably  injured  by  leaf  spot;  leaves  small,  dark 
green,  smooth;  flowers  perfect,  one  and  one-half  inches  across;  petals  large,  slightly 
obovate,  five  to  seven  in  number;  stamens  numerous,  long;  receptacle  small  for  the 
size  of  the  blossom,  conical;  fruit-stems  medium  to  long,  thick,  semi-erect,  much 
branched;  calyx  large,  flat  or  depressed,  often  discolored;  seeds  distinctly  raised. 
Fruit  matures  late;  large  to  medium,  blunt-conic  to  blunt-wedge,  dull,  tmattractive 
dark  red,  colors  unevenly;  apex  somewhat  pointed,  inclined  to  green  tips;  flesh  dis- 
tinctly whitish  toward  center,  firm,  very  sweet,  mild;  good  in  quality. 

A  perfect-flowering,  productive  variety  decidedly  unattractive  in  color  of  fruit, 
variable  in  size,  very  sweet  and  of  high  quality. 

Peach. —  (L.  J.  Farmer,  Pulaski,  N.  Y.)  A  chance  seedling  found  in  an  abandoned 
peach  orchard  in  1888  by  L.  H.  Girton,  Bristol,  Indiana,  and  introduced  by  Mr. 
Farmer  in  1909. 

Plants  large,  vigorous,  unproductive,  subject  to  attacks  of  mildew;  leaves  large; 
flowers  perfect,  often  one  and  one-eighth  inches  across;  petab  roundiedi,  six  to  seven 
in  number;  stamens  variable  in  length;  fruit-stems  long;  cal3rx  flat  or  depressed; 
seeds  sunken.  Fruit  matures  in  mid-season;  above  medium  to  below  in  size,  wedge 
to  roundish-conic,  glossy,  medium  red;  apex  obtuse;  flesh  well  colored  to  center, 
juicy,  firm,  pleasant  flavored,  sprightly,  aromatic;  very  good  in  quality. 

An  unproductive  variety  on  the  soil  of  this  Station,  maturing  in  mid-season;  a  berry 
of  high  quality,  with  a  large,  poorly  colored  calyx  and  often  green-tipped  at  the  apex 
of  the  fruit;  surpassed  by  other  varieties. 

PSeckham  Wonder. —  (W.  U.  Peckham,  Silver  Springs,  N.  Y.)  Found  in  a  meadow 
in  1907  by  Mr.  Peckham  and  received  at  this  Station  for  testing  in  1912. 

Plants  productive,  subject  to  attacks  of  mildew;  leaves  small,  light  green,  some- 
what mottled,  rugose;  flowers  perfect,  many  abortive,  one  and  one-eighth  inches 
across;  petals  roundish-oval,  six  to  seven  in  number;  stamens  numerous,  long;  recep- 
tacle small,  roundish;  fruit«tems  thick,  erect,  branching  but  little;  calyx  large,  raised, 
ndexed,  loify;  seeds  inconspicuous,  sunken.  Fruit  matures  in  mid-eeason;  medium 
in  aize,  k>ngHX>nic  to  wedge,  somewhat  necked,  dull,  unattractive  dark  red  when 
fully  mature,  colors  unevenly;  apex  wedge  or  somewhat  pointed,  inclined  to  green 
tips;  flesh  well  colored  to  center,  firm,  subacid,  mild,  not  high  flavored;  poor  in  quality. 

Many  blossoms  failed  to  set  fruit  in  1913;  fruit  ripens  in  mid-season,  but  although 
one  of  ike  best  of  shippers,  surpassed  in  value  by  other  varieties. 

Phoenix. —  (Charles  L.  Granby,  Naples,  N.  Y.)  ~  A  seedling  of  unknown  parentage 
originating  with  Mr.  Granby  in  1906  and  introduced  by  him  in  1910. 
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Plants  large,  vigorous,  productiye,  healthy;  leaves  large,  dark  green;  flowers  semi- 
perfect,  season  of  bloom  late,  one  and  one-eighth  inches  across;  petals  greeQish-^dute 
becoming  yellowish  at  the  base,  broad-ovate,  seven  to  eight  in  number;  stameos 
few,  variable  in  size  and  length;  fruit-stems  long;  calyx  attractive  green;  seeds  promi- 
nent, raised.  Fruit  matures  in  mid-season;  very  large,  irregular  in  shape  averagiiig 
wedge,  with  furrowed  surface,  often  coxcomb,  glossy,  medium  red;  apex  variable 
in  shape;  flesh  whitish  toward  c^iter,  not  very  juicy,  sweet;  very  good  in  quality. 

A  late-blooming  variety  of  good  plant-habits  maturing  its  fruit  in  mid-fleaaon. 
Poor  shape  appears  to  be  the  greatest  defect  of  the  berries,  but  they  improve  somewhat 
in  the  later  pickings.  Fruit  of  largest  size,  must  be  picked  with  care  to  avoid  green 
tips,  and  notwithstanding  its  variable  shape  worthy  of  test  on  account  of  high  quality. 

Posey. —  (Oral  Herron,  Brazil,  Ind.)  A  chance  seedling  of  unknown  parentage 
found  by  Mp.  Herron  in  1910.    Received  at  this  Station  for  testing  in  1912. 

Plants  very  numerous  and  vigorous,  productive,  subject  to  attacks  of  leaf  q>ot; 
leaves  large,  light  green,  smooth;  flowers  perfect,  season  of  bloom  late,  one  and  one- 
fourth  indies  across;  petals  large,  broad-oval,  usually  with  crinkly  surface,  tapering 
(tistinctly  to  narrow,  rather  long  claws;  stamens  numerous,  long;  receptacle  broad- 
conic;  fruit-stems  long,  semi-erect,  branching;  calyx  very  large,  raised,  leafy,  attractive 
green;  seeds  large,  usually  raised.  Fruit  matures  in  mid-season;  large,  long-wcxige, 
necked,  glossy,  attractive  medium  to  dark  red;  apex  wedge-shaped,  indent^,  oft^i 
green-tipped;  flesh  well  colored  to  center,  juicy,  firm,  subacid,  mild;  fair  in  quality. 

A  perfect-flowering  late-blooming,  mid-season  variety  with  many  vigorous  plants; 
not  of  highest  quality  but  exceedingly  attractive  in  external  appearance;  the  large, 
well-colored,  dark  green  calyx  in  combination  with  the  bright  scarlet  color  of  the  fledi 
makes  a  most  pleasing  combination;  must  be  picked  with  care  to  avoid  green  tips; 
may  have  value  when  appearance  is  more  desirable  than  quality. 

Productive. —  (Samuel  Cooper,  Delevan,  N.  Y.)  A  seedling  of  Pan  American 
crossed  with  Autumn.    Secured  by  Mr.  Cooper  in  1908  and  introduced  in  1911. 

Plants  very  few,  vigorous,  productive,  healthy;  leaves  small,  very  dark  green; 
flowers  imperfect,  nine-sixteenths  inch  across,  whitish  with  faint  trace  of  yellow; 
petals  broad-oval,  five  to  eight  in  number;  receptacle  small,,  roundish-conic;  fruit- 
stems  long,  slender,  prostrate,  branched  but  little;  calyx  small,  much  depressed, 
attractive  green;  seeds  much  raised.  Fruit  matures  in  mid-season;  above  medium 
to  small,  blunt-wedge  to  blunt-conic,  broad  at  the  base,  glossy,  attractive  medium 
red;  apex  obtuse,  inclined  to  green  tips;  flesh  well  colored  to  center,  juicy,  finn,  sub- 
acid, mild,  not  pleasant  in  flavor;  poor  to  fair  in  quality. 

Plants  are  characterized  by  their  lack  of  runners  and  by  the  dark  green  color  of  the 
foliage.  The  fruit  is  densely  clustered  about  the  plants;  one  of  the  best  of  shippers; 
general  appearance  good  except  in  size;  flavor  not  equal  to  the  best  varieties. 

Progressive. —  (Harlow  Rockhill,  Conrad,  la.)  A  seedling  of  Dunlap  crossed  with 
Pan  American,  originating  with  Mr.  Rockhill  in  1908  and  placed  on  the  market  in 
1912. 

Plants  rather  few,  vigorous,  productive,  healthy;  leaves  dark  green,  smooth;  flowere 
perfect,  season  of  bloom  early,  one  inch  across;  petals  five  to  six  in  number;  stamens 
numerous;  receptacle  small,  broadly  conic;  fruit-stems  variable  in  length,  thick, 
much  branched;  calyx  flat,  reflexed,  attractive  green  and  often  with  pink  tinge;  seeds 
prominent,  raised.  Fruit  matures  early;  varies  considerably  in  size  ranging  from 
large  to  small,  blunt-wedge,  to  blunt-conic,  glossy,  attractive  medium  to  dark  red, 
colors  evenly;  apex  obtuse;  flesh  well  colored  to  center,  firm,  subacid,  mild;  good  in 
quality. 

An  early-ripening  variety  making  but  few  runners,  variable  in  sue  of  fniit.  The 
Pan-American  blood  is  evident  in  the  strong  toideney  to  produce  fniit  during  the 
autunm  months. 

Prolific. —  (Originated  on  Station  grounds  in  1899  and  disseminated  by  thia  Station 
in  1908,  fully  described  in  Bulletins  298,  309  and  364.) 

Red  Prolific. —  (H.  J.  Schild,  Ionia,  Mich.)  A  cross  between  Ionia  and  Oeecent 
made  by  Mr.  Schild  in  1899  and  introduced  by  him  in  1907. 
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Planta  numerouB,  below  medium  in  vigor  and  height,  productive,  healthy;  leaves 
■mall,  smooth;  flowers  imperfect,  season  of  bloom  early,  one  and  one-sixteenth  inches 
acroBs;  petals  roundish,  five  to  seven  in  number;  receptacle  large,  prominent,  slightly 
elongated;  fruit-stems  short  to  medium,  usually  single;  calyx  flat  or  depressed,  often 
witih  tinge  of  red;  seeds  variable  in  position.  Fruit  matures  early;  hurge  to  above 
medium,  conic,  medium  light  red,  glossy;  apex  somewhat  pointed;  nesh  well  eolond 
to  center,  tart,  sprightly,  not  high  flavored;  fair  in  quiUity. 

An  imperfect-flowering  variety  both  blooming  and  maturing  its  fruit  early;  many 
leaves  tinged  red  along  the  margins  which  are  distinctly  serrate;  fruit  picks  very 
easily,  the  stems  being  very  brittle;  a  light  red,  tart  berry  inferior  in  flavor  and  quality. 

Repeater.—  (W.  N.  Scarff,  New  Carlisle,  O.) 

Plants  numerous,  small,  low-growing,  productive,  healthy;  leaves  small,  dark 
green;  flowers  perfect,  season  of  bloom  late,  one  inch  across;  petals  broad-oval,  five 
to  seven  in  number;  stamens  numerous,  short;  fruit-stems  variable  in  thickness; 
calyx  flat  or  slightly  raised;  seeds  raised.  Fruit  matures  early;  above  medium  in  sise, 
blunt-wedge,  glossy,  attractive  medium  red;  apex  obtuse;  seeds  raised;  flesh  whitish 
toward  center,  juicy,  firm,  sweet,  pleasant  flavored,  aromatic;  fair  in  quality. 

A  low-growing,  productive  variety  maturing  early,  surpassed  in  sise  and  quality 
by  other  varieties. 

Rose  Ettersburg.—  (Albert  Etter,  Bricehind,  Cal.)  Originated  in  1806  by  Mr. 
Etter  and  introduced  by  him  in  1903.  The  parentage  as  given  by  Mr.  Etter  is 
"  a  third  generation  Sharpless-Parry  X  Peruvian  Beach." 

Plants  medium  to  numerous,  with  but  a  trace  of  leaf  spot;  flowers  perfect,  one 
and  one-fourth  inches  across;  petab  nearly  roundish;  stamens  very  numerous,  long; 
receptacle  medium  to  large;  fruitrstems  thick,  erect;  calyx  large,  flat  or  slightly  de- 
pressed, pale  green;  seeds  raised.  Fruit  matures  late;  large  to  medium,  decidedly 
variable  in  shape  ranging  from  roundish  to  flattened  or  blunt-conic,  unattractive, 
very  pale  light  red,  colors  unevenly;  apex  obtuse;  flesh  whitish  toward  center,  juicy, 
tender,  mild,  not  pleasant  in  flavor;  fair  in  qualil^. 

At  blooming  time  the  flower-stalks  are  long,  bringing  the  many,  large,  showy 
blossoms  above  the  foliage.  Although  of  good  sise,  the  berries  are  decidedly  unattrac- 
tive in  color  and  too  soft  to  ship  well. 

Ro^gti  Rider.—  (L.  J.  Farmer,  Pulaski,  N.  Y.) 

A  well-known  variety  fully  described  in  Bulletin  No.  309  and  recommended  as 
a  desirable  late  variety  on  account  of  size,  attractiveness  and  good  character  of  flesh. 

Saint  Joseph. —  Vilmorin-Andrieux  Nursery  Co.,  Paris,  France. 

Plants  low-growing  in  habit;  leaves  dark  green;  flowers  perfect,  season  of  bloom 
early,  less  than  one  inch  across;  petals  roundish-ovate,  five  to  seven  in  number;  stamens 
numerous,  long;  calyx  depressed,  not  attractive  in  color;  seeds  variable  in  position. 
Fruit  matures  early;  small,  blunt-conic  to  wedge,  not  glossy,  medium  red;  apex  obtuse, 
flesh  distinctly  whitish  toward  center,  firm,  sweet,  mild,  pleasant  flavored;  aromatic; 
very  good  in  quality. 

One  of  the  highest  in  quality  of  the  early  kinds  but  fruit  entirely  too  small  either 
for  commercial  or  home  use. 

Schavber  No,  70L —  (George  Schauber,  Ballston  Lake,  N.  Y.)  A  seedling  of 
Nettie  open  to  cross  pollination,  secured  by  Mr.  Schauber  in  1907  and  sent  to  this 
Station  for  testing  in  1910. 

Plants  small,  rather  low-growing,  very  productive,  healthy;  leaves  small;  flowers 
imperfect,  less  than  one  inch  across;  petals  obovate,  six  to  seven  in  number;  fruit- 
Btcans  very  short,  variable  in  thickness;  caljrx  raised;  seeds  sunken.  Fruit  matures 
in  nud-season;  large,  blunt-conic  to  wedge,  rather  dull  medium  red;  apex  obtuse;  flesh 
well  colored  to  center,  juicy,  firm,  pleasant  flavored,  sprightly;  very  good  in  quality. 

Plants,  although  productive,  are  inferior  in  vigor;  while  the  fruit,  notwithstanding 
its  high  quality,  is  much  too  dull  in  color  for  commercial  use. 

Schauber  No.  706. —  (George  Schauber,  Ballston  Lake,  N.  Y.)  A  seedling  of 
Nettie  open  to  chance  pollination,  originating  with  Mr.  Schauber  in  1907  and  sent 
to  this  Station  for  testing  in  1910. 
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Plants  aboye  medium  in  siie  and  vigor,  productive,  healthy;  leaves  thkdc,  dark 
green;  flowers  imperfect,  season  of  bloom  late,  fifteen-sixteenths  inch  across;  petals 
roundish-oval,  often  eight  in  number,  set  in  a  cup-shaped  calyx;  fruit-stems  long, 
calyx  depressed;  seeds  sunken.  Fruit  matures  late;  medium  to  large,  wedge  or  conic, 
dull,  medium  to  dark  red;  apex  obtuse;  flesh  well  colored  to  center,  juicy,  firm,  tart; 
fair  in  quality. 

A  late-ripening  variety  with  fruit  irregular  in  shape,  dull  in  color  and  too  tart  for 
dessert  purposes. 

SchOd  No,  IS.—  (H.  J.  Schild,  Ionia,  Mich.)  A  seedling  originated  by  Mr.  SehiU 
in  1905.  A  cross  between  Red  Dawn  and  one  of  his  seedlings.  No.  19,  parentage 
of  which  was  Red  Dawn  X  Ionia  Market.  Sent  to  this  Station  for  testing  in  1911. 
Not  yet  introduced. 

Plants  productive,  healthy;  leaves  above  medium  in  sise,  dark  green,  rugose;  flowers 
impcvfect,  season  of  bloom  early,  one  and  one-dghth  inches  across;  petals  roundish, 
overlapping;  receptacle  large,  prominent;  calyx  small,  raised,  dull  in  color;  seeds 
variable  in  position.  Fruit  matures  early;  above  medium  in  size,  irregular  in  shape 
varying  from  wedge  to  oblong,  with  furrowed  surface,  rather  unattractive  medium 
red;  apex  irregular  vazying  from  pointed  to  wedge;  flesh  well  colored  to  center,  firm, 
subacid,  mild;  fair  in  quality. 

Although  plant^uibits  are  desirable  the  fruit  is  veiy  irregular  and  unattractive 
in  shape  and  coarse  in  general  appearance. 

Schild  No.  8. —  (H.  J.  Schild,  Ionia,  Mich.)  A  seedling  originated  in  1902  by 
Mr.  Schild  and  sent  to  this  Station  for  testing  in  1911.  Not  yet  introduoed.  Pamt- 
age  the  same  as  his  No.  2. 

Plants  vigorous,  productive,  subject  to  leaf  spot;  leaves  large,  rugose;  flowen 
perfect,  season  of  bloom  early,  large,  often  one  and  one-«ighth  inches  across;  petals 
large,  broad-oval,  five  to  eight  in  number;  stamens  numerous,  long;  receptacle  hage, 
often  slightly  flattened;  fruit-stems  short  to  medium,  thick,  prostrate,  mudi  branched; 
calyx  flat,  dull  green;  seeds  usually  raised  but  sometimes  variable.  Fruit  matures 
early;  large,  blunt-wedge  to  conic,  glossy,  attractive  medium  to  dark  red,  colors 
evenly;  apex  somewhat  pointed;  flesh  slightly  whitish  toward  cent»,  firm,  subacid, 
mild;  good  in  quality. 

Fruit  must  be  picked  with  care  to  avoid  green  tips;  a  mild  berry  lacking  distinctive 
flavor  and  variable  in  color;  surpassed  by  other  varieties. 

Schild  No,  10.—  (H.  J.  Schild,  Ionia,  Mich.)  Originated  by  Mr.  Schikl  in  1902 
and  sent  to  this  Station  for  testing  in  1911. 

Plants  very  numerous  and  vigorous,  productive,  subject  to  attacks  of  leaf  spots; 
leaves  large,  rugose;  flowers  perfect,  season  of  bloom  early;  petals  large,  broad-oval; 
stamens  numerous;  receptacle  large,  roundish,  prominent;  fruit-stems  long,  thick, 
semi-erect,  much  branching;  calyx  slightly  raised,  reflexed;  seeds  sunken.  Fruit 
matures  early;  large,  roundish-conic  to  blunt-wedge,  slightly  necked,  glosey,  attractive 
medium  to  Ught  red,  colors  unevenly;  apex  varies  from  slightly  pointed  to  flattened, 
often  green-tipped;  flesh  whitish  toward  center,  very  juicy,  pleasant  flavored,  q>ri|^tly ; 
good  in  quality. 

Plants  characterized  by  their  number  and  vigor;  a  perfect-flowering,  early-blooming 
variety  worthy  of  test  as  an  early-ripening  kind  on  account  of  high  quality  and  good 
size  of  fruit,  although  not  one  of  liie  best  of  shippers  and  somewhat  variable  in 
color. 

Schild  No.  IS.—  (H.  J.  Schild,  Ionia,  Mich.)  Originated  by  Mr.  Schild  in  1902 
and  sent  to  this  Station  for  testing  in  1911.  Not  yet  introduced.  Parentage  the 
same  as  his  No.  2. 

Plants  few  in  number,  vigorous,  above  medium  in  height,  productive,  with  but 
slight  amount  of  leaf  spot;  leaves  small,  dark  green,  smooth;  flowers  perfect,  season 
of  bloom  early,  one  and  one-fourth  inches  across;  petals  roundush-oval;  stamena 
numerous,  short;  receptacle  small,  a  short,  broad  cone;  fruit-stems  long,  slender, 
prostrate,  branching  but  little;  calyx  small,  slightly  raised,  often  with  tinge  of  red; 
seeds  sunken.    Fruit  matures  early;  above  to  below  medium  in  size,  conic,  slightly 
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iMekod,  variable  in  color  ranging  from  light  to  dark  red,  slightly  gkMsy;  fleah  whitUi 
toward  center,  firm,  sweet,  pleasant  flavored;  good  in  quality. 

nants  multiply  slowly;  a  variety  of  fairly  good  habits  botii  of  plant  and  fruit  but 
'•^fc^ng  in  aise  of  berry. 

Sherman. —  (Samuel  Cooper,  Delevan,  N.  Y.) 

Fully  deseribed  and  recommended  as  worthy  of  more  extended  trial  in  Bulletin 
No.  336,  1911. 

Sons  Prolific. —  (D.  MoNally,  Sarooxie,  Mo.)  A  seedling  of  Aroma  creased  with 
Bubacfa  originating  with  James  Sons'  in  1002  and  introduced  by  the  D.  McNally 
Plant  and  Fruit  Company  in  1909. 

Plants  rather  few,  below  medium  in  vigor,  productive,  healthy;  leaves  dark  green, 
smooth;  flowers  imperfect  to  semi-imperfect,  season  of  bloom  early,  one  inch  across; 
petals  roundish,  overlapping,  six  to  seven  in  number;  stamens  decidedly  variable 
in  number,  short;  receptacle  rather  small,  a  broad  cone;  fruit-stems  long,  ti^ck,  pros- 
trate, much  branched;  calyx  strongly  depressed,  attractive  green;  seeds  raised.  Fruit 
matures  early;  large  to  medium,  irregular  in  shape  ranging  from  conic  to  a  decided 
wedge,  glossy »  attractive  medimn  red;  apex  variable,  often  wedge;  flesh  well  colored 
to  center,  fim,  not  high  flavored;  fair  to  good  in  quality. 

Plants  multiply  slowly,  not  very  vigorous;  an  early-maturing  variety  attractive 
in  oolor  and  sise  of  fruit  but  variable  in  shape  and  not  of  high  quality. 

Sweetheart —  (Charles  A.  Green  Nursery  Co.,  Rochester,  N.  Y.)  A  seedling  of 
Corsican,  seed  of  which  was  sown  by  E.  H.  Burson,  Clifton,  N.  Y.,  in  1906.  Intro- 
duced by  Green  Nursery  Company  in  the  spring  of  1913. 

Hants  numerous,  vigorous,  very  productive,  with  but  a  trace  of  leaf  spot;  leaves 
rugose;  flowers  perfect,  season  of  bloom  early,  seven-eighths  inch  across;  petals  near^ 
roundish,  five  to  six  in  number;  stamens  numerous;  receptacle  medium  to  small; 
fruit-stems  thick,  erect;  seeds  sunken.  Fruit  matures  in  midnseason;  above  medium 
in  site,  conic,  glossy,  attractive,  light  to  medium  red,  colors  unevenly:  apex  pointed; 
flesh  well  cokmd  to  center,  juicy,  firm,  sprightly,  not  high  flavored;  fair  to  good 
in  quality. 

An  early-blooming  variety  maturing  its  fruit  in  mid-season;  although  very  pro- 
ductive the  fruit  should  average  larger  to  be  of  much  value  commercially;  berries 
very  uniform  in  size,  if  larger  might  be  of  value  for  the  canning  factory. 

Superb. —  (Lewis  Roesch,  Fredonia,  N.  Y.)  A  seedling  of  Autumn  crossed  with 
Cooper,  originating  with  Samuel  Cooper,  Delevan,  N.  Y.,  in  1908,  and  introduced 
by  Mr.  Cooper  in  1911. 

Plants  few,  very  productive  for  the  number  of  plants,  healthy;  leaves  small,  char- 
acteristically dark  green,  very  glossy;  flowers  perfect,  season  of  bloom  early,  very 
small,  usually  seven-eightiis  inch  across;  petals  small,  roundish,  five  to  six  in  number; 
stamens  numerous,  variable  in  length;  receptacle  small,  blunt-conic;  fruitHBtems 
abort,  thick,  erect,  branching;  calyx  depressed;  seeds  large,  prominent,  raised.  Fruit 
matures  early;  medium  to  large,  blunt-conic,  not  furrowed,  glossy,  attractive  dark 
red,  colors  eveokly;  apex  obtuse;  flesh  well  colored  to  center,  firm,  subacid,  mild;  good 
in  quality. 

Tlie  stock  of  plants  is  increased  slowly,  but  each  plant  sets  a  large  crop  of  fruit; 
an  early-blooming,  perfect-flowering  variety,  the  berries  of  which  mature  early; 
plants  characterised  by  tiieir  fewness  and  by  the  dark-green  color  of  the  foliage; 
fruit  an  excellent  shipper,  mild,  not  very  high  flavored. 

Townsend  Late  Champion. —  (E.  W.  Townsend  &  Co.,  Salisbury,  Md.)  Parentage 
unknown.    Originated  in  190S  by  E.  W.  Townsend  and  introduced  by  him  in  1911. 

Plants  numerous,  productive,  hcalthyj  leaves  dark  green,  smooth;  flowers  perfect, 
bloom  in  late  mid-season,  one  and  one-eighth  inches  across;  petals  small,  oval,  seven 
to  nine  in  number;  stamens  numerous;  receptacle  large,  roundish  and  somewhat 
compressed;  fruit-stems  short,  thick,  prostrate,  much  branched;  calyx  large,  depressed, 
leafy,  attractive  in  color;  seeds  raised.  Fruit  matures  in  mid-season;  large,  roundish- 
conic  to  blunt-wedge,  dull,  unattractive  light  red;  apex  obtuse,  indented;  flesh  slightly 
whitish  toward  center,  juicy,  subacid,  mild,  not  high  flavored;  fair  in  quality. 


636         Report  of  the  Department  of  Horticulture. 


Plant-habits  good;  a  perfect-flowering  variety  maturing  its  crop  in 
fruit  of  large  siie,  but  duU  in  oolor  and  low  in  flavor  and  quality. 

Twilley. —  (W.  F.  Allen,  Salisbury,  Md.)  A  aeedling  of  unknown  parentage 
originating  with  W.  J.  TwiU^,  Cambridge,  Md.,  about  1006,  and  introduced  by 
Mr.  Allen  in  1910. 

Plants  vigorous,  productive,  healthy;  leaves  light  green,  rugose;  flowers  perfect, 
one  and  seven-sixteenths  inches  across;  petals  very  large,  roundish;  stamens  numerous, 
long;  receptacle  roundish;  fruit-stems  long,  thick,  semi-erect,  usuidly  not  brani^ed; 
calyx  large,  raised,  leafy,  often  tinged  with  pink;  seeds  raised.  Fruit  matures  in  mid- 
season;  large  to  above  medium,  distinctly  weoge,  necked,  dull,  unattractive  light 
red;  apex  varies  from  obtuse  to  a  narrow  wedge;  flesh  well  colored  to  center,  finn, 
very  mild,  not  pleasant  flavored;  poor  in  quality. 

A  mid-season  variety  of  fruit  which  although  of  good  sise  is  deficient  in  attractive- 
ness of  oolor  and  in  quality. 

Uncle  Sam.—  (E.  W.  Townsend  &  Co.,  Salisbury,  Md.)  Plants  of  this  variety 
Were  sent  to  Mr.  Townsend  in  the  spring  of  1909  by  an  unknown  person  in  St.  Louis, 
Missouri,  with  a  statement  that  the  plants  were  a  new  variety  found  in  a  garden. 
Introduced  by  Mr.  Townsend  in  1913. 

Plants  few  in  number,  productive,  healthy;  leaves  rugose;  flowers  perfect,  season 
of  bloom  very  early,  one  and  one-sixteenth  inches  across;  petals  nearly  roundieli; 
stamens  medium  to  numerous;  receptacle  prominent;  fruit-stems  somewhat  short, 
thick,  prostrate  or  semi-erect;  calyx  small,  depressed,  discolored;  seeds  variable  in 
position.  Fruit  matures  early;  above  medium  to  small,  blunt  roundish-oonic  to  alight 
wedge,  duU,  unattractive  dark  red,  colors  evenly;  apex  blunt;  flesh  red,  juicy,  firm, 
spii^tly;  fair  in  quality. 

^  early-blooming  and  early-maturing  variety,  fruit  of  which  averages  too  small 
and  too  dull  in  color  for  a  desirable  commercial  variety. 

Walnut  Stump. —  (Sylvanus  Gordon,  Sergeantsville,  N.  J.)  A  seedling  of  Bubaeh 
crossed  with  Miner's  Great  Prolific,  originating  with  Mr.  Gordon  about  1900.  Sent 
to  this  Station  for  testing  in  1910.    Not  yet  introduced. 

Plants  numerous,  large,  vigorous,  productive,  healthy;  leaves  characteristically 
dark  green;  flowers  perfect,  season  of  bloom  late,  one  indi  across;  petals  roundish, 
tax  to  eight  in  number;  stamens  numerous,  short;  fruit-stems  long,  thick,  erect;  calyx 
large,  flat  or  depressed,  leafy;  seeds  sunken.  Fruit  matures  late;  medium  in  aise, 
roundish-oonic,  glossy,  light  red;  apex  obtuse;  flesh  well  colored  to  center,  tart;  fair 
in  quality. 

A  late-blooming,  perfect-flowering  variety  maturing  its  crop  late  in  the  season; 
foliage  characteristically  dark  green;  berries  do  not  ship  well  and  quality  is  rather 
low. 

Winner. —  (W.  F.  Allen,  Salisbury,  Md.)  A  seedling  of  unknown  parentage 
originating  with  W.  E.  Shoemaker,  Lacejrville,  Pa.,  about  1909,  and  introduced 
by  Mr.  Allen  in  1912. 

Plants  numerous,  vigorous,  very  productive,  healthy;  leaves  large,  light  green, 
glossy;  flowers  perfect,  season  of  bloom  early,  large,  often  one  and  ono-foiuih  inches 
across;  petals  large,  oval;  stamens  numerous,  variable  in  length;  receptacle  large, 

grominent,  pointed;  fruit-stems  very  long,  variable  in  thickness,  very  prostrate, 
ranching;  calyx  large,  variable  in  position,  dull  green;  seeds  both  raised  and  sunken. 
Fruit  matures  early;  large,  distinctly  wedge  and  often  semi-double  varying  to  long 
conic,  dull,  medium  to  hght  red;  flesh  well  colored  to  center,  not  very  juicy,  firm, 
subacid,  very  mild,  not  pleasant  flavored;  poor  in  quality. 

A  porfect-flowering  variety  both  blooming  and  ripening  its  fruit  eariy;  plants 
characterized  by  the  deepness  of  the  margin  serrations  of  the  leaves,  by  heavy  yield* 
and  by  the  unusual  length  of  the  fruit-stems;  blossoms  show  distinctly  above  the 
foliage  at  blooming  time;  although  an  excellent  shipper  and  berries  of  good  sice  the 
fruit  is  dull  and  unattractive  in  general  appearance  and  infmor  both  in  flavor  and 
quality. 


RASPBERRIES,  BLACKBERRIES  AND 

DEWBERRIES.* 

O.  M.  TAYLOE. 
THB  PLANTATION. 

LocaJHon  and  soil. —  Climatic  factors  of  heat  and  cold  are  important 
in  selection  of  location.  These  berries  are  less  hardy  than  straw- 
buries,  currants  or  gooseberries;  and  plants  in  exposed  locations  are 
liable  to  suffer.  Distance  to  market  must  receive  consideration  be- 
cause of  the  poor  shipping  qualities  of  the  red  and  purple  raspberries 
and  of  blackberries.  The  black  raspberry  alone  stands  the  wear  and 
tear  of  handling  and  shipping  unusually  well. 

AU  of  the  berries  do  well  on  a  wide  range  of  soils.  Wet  and  soggy 
soils  are  undesirable  as  well  as  stiiff  heavy  clay;  and  soils  too  rich  in 
nitrogen  should  be  avoided,  as  the  luxuriant  growth  resulting  on  such 
soils  is  often  immatiure  at  the  close  of  the  season  and  is  injured  during 
the  winter.  Both  red  and  black  raspberries  prefer  the  lighter,  warmer 
soils,  if  equally  moist,  to  the  heavier  clay  loams.  Blackberries  are  at 
their  best  on  a  heavier  type  of  soil,  a  strong,  deep,  well-drained  clay 
loam  being  preferable.  Dewberries  succeed  best  on  comparatively 
light,  sandy  loams.  Soils  for  all  of  the  berries  should  be  retentive  of 
moisture,  while  not  over-wet,  because  the  fruit  matures  during  the 
heat  and,  often,  drought  of  midsummer. 

Preparation  of  soil. —  The  plants  of  these  fruits  occupy  the  ground 
for  several  years  and  on  this  account  considerable  care  should  be  given 
to  it-s  preparation.  It  should  be  well  drained  either  naturally  or  arti- 
ficially; and  the  freer  it  is  from  weeds  and  weed  seeds  the  less  the  labor 
needed  in  futiure  years.  Quack  grass,  if  present,  should  be  eradicated, 
as  it  is  difficult  to  subdue  after  its  roots  become  intermingled  with  the 
berry  plants.  Organic  materials  in  the  form  of  manure  or  in  cover 
crops  should  be  incorporated  in  the  soil  on  account  of  their  water- 
holding  properties.  Deep  plowing  will  not  oaly  result  in  a  greater 
depth  of  root  growth  but  will  conserve  moisture.  The  soil  should  be 
made  fine  and  mellow  by  thorough  cultivation  before  setting  the  plants. 

Manure  and  fertUizers. —  While  it  is  seldom  that  land  is  made  too 
rich  for  strawberries,  currants  or  gooseberries,  it  may  be  made  too 
rich  for  the  berries  under  discussion,  resulting  in  excessive  growth 
followed  by  winter-injury.  Moderate  amounts  of  stable  manure  or 
cozmnercial  fertilizers  or  both,  applied  annually,  are  usually  beneficial. 
Fertilizers  rich  in  nitrogen  should  be  used  with  care.    The  amount  of 

plant  food  already  in  the  soil  is  an  unknovm  and  variable  quantity 

- 

*  A  reprint  ot  CSrcoJar  No.  33,  January  26,  1915. 
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and  eicact  specifications  as  to  kind  and  amount  of  supplemental 
fertilizers  to  be  used  cannot  be  given.  Such  questions  should  be 
worked  out  on  the  different  soils  by  trials  of  the  different  materials, 
taking  care  to  leave  checks  and  to  watch  closely  the  resulting  habits  of 
growth  of  the  plants  and  the  character  of  the  fruit  produced.  In 
making  such  a  test  select  a  portion  of  the  field  as  uniform  as  possible 
in  both  soil  and  varieties,  divide  into  plats  and  apply  fertilizers  as 
follows:  (1)  400  lbs.  acid  phosphate  per  acre;  (2)  phosphate  as  above 
and  200  lbs.  muriate  of  potash;  (3)  phosphate  and  potash  as  above 
and  150  lbs.  nitrate  of  soda;  (4)  8  tons  of  good  stable  manure;  (5)  a 
plat  similar  to  the  others  in  size  left  unfertilized  as  a  check.  It 
would  be  well  to  duplicate  these  plats. 

The  time  of  application  of  the  fertilizers  is  important,  especially 
with  those  rich  in  nitrogen.  If  applied  too  late,  the  growth  may  not 
mature  and  winter-injury  results.  Stable  manure  should  be  applied 
in  November,  during  the  winter,  or  in  early  spring  before  growth 
begins;  and  commercial  fertilizers  early  in  the  spring  so  that  the  plants 
may  not  be  over-stimulated  toward  the  close  of  the  season. 

Propagation. —  The  different  berries  may  be  readily  propagated. 
Red  raspberries  are  usually  increased  by  digging  up  and  transplanting 
the  numerous  suckers  which  develop  along  the  plant  row.  A  part  of 
the  horizontal  root  system  should  be  dug  with  each  sucker^  securing 
whenever  possible  a  good  fibrous  system.  The  dormant  tops  are 
usually  cut  back  to  witMn  a  short  distance  of  the  root. 

Black  raspberries  and  dewberries  are  usually  propagated  by  means 
of  tip-layers  and  better  plants  are  secured  from  two-year-old  and 
three-year-old  bushes  than  from  old  plantations.  The  tips  are  usually 
ready  for  layering  about  the  middle  of  August,  depending  on  the 
season,  at  which  time  they  begin  to  thicken.  The  tips  take  root 
readily  if  buried  from  two  to  three  inches  deep  in  moist  soil,  covering 
firmly  enough  to  prevent  their  being  whipped  about  by  winds.  The 
tips  are  usually  well  rooted  by  the  close  of  the  growing  season  and  are 
transplanted  the  following  spring,  severing  the  cane  about  six  inches 
from  the  tip,  thus  leaving  a  convenient  handle. 

Purple  raspberries  are  hybrids  between  red  and  black  raspberries 
and  may  be  propagated,  some  by  suckers  and  others  by  tip-layers. 

Blackberries  may  be  propagated  by  suckers  and  by  root-cuttings. 
Plants  from  root-cuttings  are  usually  preferred  as  they  have  a  larger 
and  more  fibrous  root  system.  Roots  three-sixteenths  of  an  inch  or 
more  in  diameter  are  cut  into  about  four-inch  lengths,  usually  in  the 
fall,  stratified  in  sand  over  winter  and  are  sown  three  or  four  inches 
apart  in  nursery  rows  in  the  spring.  By  this  method  good  plants 
may  be  secured  in  from  one  to  two  years. 

SdecUon  of  varieties, — ^All  efforts  end  in  failure  imless  a  suitable 
variety  be  selected.  Nearly  all  of  the  120  varieties  of  these  fruits 
growing  on  the  grounds  of  the  Experiment  Station  at  Greneva  may  be 
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characterized  by  their  faults.  But  few  of  them  have  any  commercial 
value.  Varieties  may  succeed  in  one  place  yet  be  failures  in  other 
locations.  Adaptation  should  be  determined  before  plsjiting  ex- 
tensively in  the  commercial  plantation.  We  may  determine  what 
varieties  to  set  by  observation  of  the  kinds  doing  well  in  the  immediate 
locality  under  apparently  similar  conditions  and  by  a  trial  of  a  few 
plants  before  setting  extensively.  The  newer,  most  promising  kinds 
should  be  tested  in  a  small  way  and  their  local  vsJue  determined. 

Red  raspberries  are  the  most  popular  throughout  the  State,  followed 
by  the  black  raspberries.  Purple  raspberries,  although  very  produc- 
tive and  of  highest  quality  when  cooked,  are  unattractive  in  color 
and  do  not  ship  well.  Blackberries  are  usually  in  good  demand  but 
the  acreage  grown  is  comparatively  small,  largely  on  account  of  winter- 
injury.  Dewberries  are  not  planted  extensively,  partly  on  accoimt 
of  the  labor  involved  in  their  culture,  the  comparatively  low  yields 
and  their  acid  flavor  until  dead  ripe,  at  which  time  the  fruit  ships 
poorly. 

SdecHon  of  plants. —  It  is  poor  economy  to  set  inferior  stock.  The 
best  plants  obtainable  should  be  secured  and  they  should  have  a  well- 
developed,  fibrous  root  system  if  the  best  results  are  to  be  expected. 
The  most  desirable  plants  usually  come  from  two-  and  three-year-old 
plantations  as  their  vigor  has  not  been  impaired  and  such  plants  may 
be  expected  to  be  comparatively  free  from  insects  and  diseases. 

Time  of  planting. —  Red  raspberries  and  blackberries  may  be  set 
dther  in  the  fall  or  spring;  suckers  of  purple  raspberries  may  be  set 
either  in  the  fall  or  spring,  or  tip-layers  in  the  spring.  Black  rasp- 
berries and  dewberries  should  be  set  in  the  spring.  The  rows  of  sdl 
plants  set  in  the  fall  should  be  back-furrowed  or  the  plants  protected 
with  a  mulch  of  coarse  stable  manure  to  avoid  injury  through  the 
heaving  of  the  soil.  In  the  spring  the  plants  should  be  set  as  early 
as  the  ground  will  work  in  good  condition.  Summer  planting  of  red 
raspberries  is  sometimes  practiced  with  good  success  if  weather  con- 
ditions are  favorable.  The  young  suckers  of  the  new  growth  are  dug 
up  and  transplanted,  during  cloudy  or  wet  weather,  when  from  four 
to  dght  inches  high. 

Sdting  the  plants. —  Suckers  and  plants  from  root  cuttings  should 
be  set  slightly  deeper  than  they  grew.  Plants  from  tip-layers  should 
be  set  rather  shsdlow  or  if  set  deeper  should  be  covered  lightly  at  first, 
gradually  filling  in  during  the  season  as  growth  develops.  The  soil 
should  be  firmly  pressed  about  the  roots.  The  new  shoots,  which  start 
earfy  with  black  raspberries  and  dewberries,  should  not  be  broken  off 
during  the  process  of  setting  the  plants. 

The  spacing  of  rows  and  plants  depends  on  character  of  soil,  on  the 
variety  and  on  the  method  of  culture.  The  plants  should  not  be 
crowded.  Red  raspberries  and  purple  raspberries  are  usually  set  in 
rows  6  to  7  feet  apart  with  pleats  2  or  3  feet  apart  in  the  row,  giving 
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the  purple  berries  the  greater  distance.  They  soon  form  a  continuous 
row.  If  grown  in  hills  the  plants  are  set  about  5  feet  apart  each  way. 
Black  raspberries  are  set  at  slightly  wider  distances  than  the  reds — 
7  feet  by  3)  feet  or  from  5  to  6  feet  apart  each  way.  Blackberries  are 
given  stiU  more  room — 8  feet  by  4  feet,  or,  if  kept  in  hills,  7  to  8  feet 
apart  each  way.  Larger  and  finer  fruit  is  usually  produced  from  the 
hill  system,  although  the  total  yield  may  be  slightly  less.  Some 
growers  find  the  yield  about  as  good  by  the  hill  method  as  when  the 
plants  are  grown  in  the  matted  row.  The  spacing  of  plants  of  dew- 
berries depends  on  the  method  of  training;  if  grown  in  hills  and 
staked,  about  4  feet  by  4  feet;  if  trained  on  a  trellis,  about  6  feet  by 
3  feet.  After  thorough  preparation  of  the  soil  the  land  may  be  marked 
both  ways  and  a  furrow  opened  one  way  setting  the  plants  at  the 
intersection  of  the  cross  mark  with  the  furrow,  or  the  plants  may  be 
set  with  spade  after  the  ground  has  been  marked. 

CvUivation, — ^The  more  thorough  the  cultivation  the  better  the 
growth.  This  is  especially  true  as  the  fruit  reaches  maturity,  for 
lack  of  moisture  at  that  time  may  greatly  reduce  the  yield.  Cultiva- 
tion should  begin  early  and  be  repeated  often  enou^  to  maintain  a 
mellow  soil  condition,  and  to  destroy  weeds  and  surplus  suckers. 
Plants  should  be  hoed  whenever  necessary.  After  harvest,  the  ground 
should  be  thoroughly  worked  and  a  cover  crop  sown  using  about  15 
pounds  clover  seed  per  acre  or  25  pounds  vetch  or  about  one  bushel  of 
oats  or  barley.  The  clover  and  vetch  seed  should  not  be  scattered 
among  the  canes  but  should  be  sown  between  the  rows  or  it  will  be 
difficult  to  eradicate  the  following  summer.  Mixtures  of  the  seed  are 
sometimes  used  to  advantage.  A  hoed  crop  may  be  grown  betwe^i 
the  rows  the  first  year.  Cultivation  near  the  plants  should  be  shallow. 
Mutilation  of  roots  results  in  an  increase  of  suckers.  The  cultivator 
is  usually  preferred  to  the  plow  but  on  heavy  land  the  plow  must  often 
be  used  to  break  up  the  soil.  Late  in  the  season  the  furrows  may  be 
thrown  toward  the  rows,  plowing  away  in  the  spring  or  working  down 
with  cultivator.  The  rows  of  plants  should  not  be  allowed  to  become 
too  wide. 

Pruning. — ^The  fruiting  canes  of  all  the  berries  under  discussion 
should  be  cut  out  and  destroyed  as  soon  as  the  crop  of  fruit  has  been 
harvested  and  surplus  canes  should  be  cut  out  the  following  spring, 
thinning  down  to  from  four  to  six  canes  per  bush,  dependhig  on 
conditions.  This  gives  more  room  for  the  new  growth,  and  may 
destroy  insects  and  diseases  which  infect  the  old  canes.  No  further 
summer  pruning  is  required  with  red  raspberries.  In  the  spring  the 
canes  of  red  raspberries  should  be  cut  back  to  a  desired  fruiting 
height,  usually  3  to  4  feet  from  the  ground,  depending  on  vigor. 

Black  raspberries  require  more  severe  pruning  than  reds.  Sununer 
pruning  consists  in  stopping  the  new  growth  at  a  height  of  about  two 
feet  from  the  ground  by  removing  or  pinching  o£f  the  succulent  tip.  As 
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the  new  canes  do  not  all  grow  at  the  same  tune  it  will  be  necessary  to 
go  over  the  plantation  several  tunes  to  stop  the  growth  at  the  desired 
height.  In  the  spring  the  lateral  branches  which  develop  as  a  result 
of  tiiis  summer  pruning  are  shortened  back  usually  from  one-third 
to  one-half  their  growtii,  depending  on  vigor  and  on  the  variety. 
Purple  raspberries  are  usually  prun^  the  same  as  black  raspberries, 
although  some  growers  prefer  to  prune  as  described  for  red  raspberries. 
The  pruning  of  blackberries  is  similar  to  that  for  black  raspberries 
except  that  the  summer  pruning  is  made  at  a  slightly  lower  height. 
If,  however,  the  plants  are  grown  in  hills  and  staked,  the  new  growth 
is  not  pinched  back  in  the  summer.  The  vine-like  growth  of  dew- 
berries must  be  supported  by  stakes  or  trellis.  The  new  growth  is 
not  pinched  back  in  summer  but  is  allowed  to  run  on  the  ground  along 
the  row  and  is  thinned  out,  tied  up  and  cut  back  to  the  desired  length 
the  following  spring. 

Various  forms  of  trellises  are  used  both  for  black  raspberries  and  for 
dewberries  in  small  areas  but  in  the  larger  and  more  extensive  planta- 
tions they  are  seldom  used  except  for  dewberries.  A  convenient 
trellis  is  made  by  stretching  two  wires,  one  on  each  side  of  the  row, 
fastened  to  end  stakes  and  supported  at  intervals  by  stakes,  the  wires 
being  tied  together  at  convenient  distances  by  twine.  In  other  cases 
one  wire  or  two  wires,  one  above  the  other,  are  stretched  and  the  canes 
tied  directly  to  the  wires. 

PoUination, —  Nearly  all  varieties  fertilize  themselves  and  are 
usually  considered  self-fertile.  It  is  generally  an  advantage,  however, 
to  grow  more  than  one  variety  to  extend  the  picking  season  and  any 
possible  advantage  through  cross-pollination  may  then  be  secured. 
The  dewberry  often  fails  to  develop  normal  fruit,  doubtless  due  to  lack 
of  proper  fertilization  although  it  is  imcertain  whether  this  condition 
is  due  to  lack  of  sufficient  pollen  or  to  lack  of  potency. 

Hardiness. — ^In  some  localities  the  question  of  hardiness  is  of  first 
importance,  for  only  the  most  hardy  varieties  will  succeed  or  the  kinds 
set  must  receive  winter  protection.  Blackberries  are  usually  most 
tender,  while  the  red  raspberries  are  usually  hardier  than  the  black 
raspberries.  Dewberries  are  seldom  injured  as  from  their  habit  of 
growth  they  may  readOy  be  laid  down  and  given  winter  protection. 
Winter-injury  may  be  caused  not  only  by  low  temperatures  but  also 
by  weakened  vitality  caused  by  lack  of  good  foliage  in  summer  from 
disease  or  other  causes,  or  by  a  too-rapid  growth  of  wood  which  is 
not  mature  at  the  close  of  the  season.  Over-stimulation  of  plants 
should  be  avoided.  D^erent  methods  may  be  used  to  give  winter 
protection.  The  canes  should  be  laid  down  before  severe  frosts  occur 
after  growth  ceases  in  the  fall  and  before  the  ground  freezes  and  the 
bending  should  be  as  much  as  possible  from  the  roots  and  lower  por- 
tion of  the  canes.  The  canes  are  held  in  place  by  covering  the  tips 
with  earth  and  in  some  cases  the  entire  top  is  buried. 

21 
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Duration  of  plantationa. —  The  profitable  life  of  plantations  cannot 
be  accurately  stated.  It  depends  partly  on  the  variety,  on  the  care 
given,  on  the  kind  of  soil,  the  character  of  growth,  the  severity  of  the 
winter,  and  the  freedom  from  insects  and  diseases.  Red  raspberries 
may  produce  anywhere  from  four  to  eight  or  ten  good  crops;  black 
raspberries  often  no  more  than  four  crops,  sometimes  more,  usually 
being  removed  every  six  or  eight  years;  blackberries  usually  last 
longer  than  black  raspberries,  from  five  to  ten  years,  although  half  a 
dozen  crops  are  about  as  much  as  can  be  expected;  dewberries  are 
usually  slow  in  developing  and  usually  persist  longer  than  the  other 
berries  referred  to. 

Spraying. — ^Few,  if  any,  growers  spray  plants  of  any  of  the  berries 
under  discussion.  The  annual  pruning  out  and  burning  of  the  old 
wood  tend  to  reduce  insect  and  fungus  troubles.  Unfortunately 
some  of  the  most  destructive  diseases  are  not  readily  or  economically 
controlled  by  spra3ring.  The  most  satisfactory  method  to  follow  in 
most  cases  is  to  start  with  healthy  plants  set  in  ground  that  has  not 
produced  berries  for  some  time,  giving  the  best  of  cultural  treatment, 
with  frequent  renewal  of  plantations.  Further  reference  to  spraying 
will  be  found  under  discussion  of  insects  and  diseases. 

PESTS. 

Insects, — Fortunately  but  few  insects  infest  any  of  the  berries  imder 
discussion.  The  following  are  those  most  conunonly  foimd  in  various 
sections  of  the  State. 

Snowy  tree-cricket. —  The  canes  of  blackberries  and  raspberries  are 
often  injured  in  May  or  early  June  by  the  work  of  pale,  greenish-white 
crickets.  These  insects  make  a  row,  about  two  inches  in  length,  of 
punctures  in  the  cane,  in  which  their  eggs  are  deposited.  The  injury 
results  from  the  damage  to  the  canes  by  the  punctures  rather  than 
by  the  feeding  habits  of  either  the  crickets  or  the  larvae  from  the 
eggs.  The  part  of  the  cane  above  the  puncture  either  dies  or  is  so 
weakened  as  to  prevent  the  normal  development  of  the  fruit.  The 
only  satisfactory  remedy  is  to  gather  and  bum  the  infested  canes  con- 
taining the  eggs. 

Raspberry  canerborer. —  Red  and  black  raspberries  are  attacked  by 
this  insect,  and  blackberries  to  a  less  extent.  In  June  eggs  are  laid 
singly,  by  small,  dark-colored  beetles,  in  the  young  shoots  about  six 
inches  from  the  tip  of  the  cane.  Two  rows  of  punctures  encircling 
the  cane  are  made,  one  below  and  the  other  above  the  e^.  The  gird- 
ling of  the  cane  results  in  a  withering  or  drooping  of  the  ends  of  the 
young  shoots.  After  hatching,  the  borer  eats  its  way  downward, 
passing  the  first  winter  in  the  upper  part  of  the  cane,  reaching  the 
base  of  the  cane  the  following  season.  As  soon  as  the  wilted  tips  of 
the  new  shoots  are  observed,  they  should  be  cut  o£f  well  below  the 
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girdled  spot.  The  cutting  out  and  burning  of  all  fruiting  canes  as 
soon  as  the  fruit  has  been  harvested  also  aids  in  the  destruction  of  the 
older  borers. 

Raspberry  sawfiy. —  The  foliage  of  all  the  berries  under  discussion  is 
at  times  attacked  by  this  insect.  Eggs  are  laid  in  May  or  early  June 
within  the  tissue,  on  the  underside  of  the  leaves  by  small,  dark- 
colored  flies.  After  hatching,  the  larvs  eat  away  tihe  leaf  tissue. 
Tliey  are  pale  green,  thickly  covered  with  whitish  spines.  The  larvae 
may  be  readily  destroyed  by  arsenical  sprays  applied  at  the  first  indi- 
cation of  their  presence  or,  if  near  harvest  tune,  the  plants  may  be 
dusted  with  hellebore  or  sprayed  with  hellebore,  using  one  ounce 
per  gallon  of  water. 

Red  lipider.—  In  seasons  of  drought  the  foliage  of  raspberries  is 
sometimes  seriously  injiu'ed  by  minute,  yellowish-red  mites  usually 
found  in  large  numbers  on  the  underside  of  the  leaves.  They  suck 
the  juices  from  the  leaves  and  cannot  be  controlled  by  arsenical  sprays. 
Lime-sulphur  solution  may  cause  foliage  injury.  Nicotine  extract 
(40  per  ct.)  at  the  rate  of  three-fourths  pint  to  100  gallons  of  water 
will  kill  iJl  that  are  hit  by  this  spray,  which  must  be  thoroughly  ap- 
plied, especially  to  the  underside  of  the  foliage.  Severe  or  frequent 
rains  usually  keep  the  mites  in  check  and  they  are  not  often  numerous 
enou^  to  require  a  spray  treatment. 

Diseases. —  There  are  several  diseases  which  are  difficult  to  control 
and  for  which  there  are  no  satisfactory  remedies. 

Anikracnose, —  One  of  the  most  serious  diseases  of  raspberries  and 
blackberries.  Grayish  or  brown  spots  or  patches  develop  on  the 
plants,  especially  on  the  canes.  Black  raspberries  are  most  seriously 
affected  and  red  raspberries  least.  Bordeaux  mixture  4-4-50  will 
check  the  disease  but  the  first  application  must  be  made  when  the 
young  plants  are  six  to  eight  inches  high  and  several  applications 
made  at  short  intervals,  llie  increased  yield  is  usually  not  sufficient 
to  pay  for  the  cost  of  spraying.  The  following  measures  are  suggested. 
Plants  should  have  a  maximiun  amount  of  sunlight  and  air,  and  should 
not  be  crowded.  Remove  the  old  wood  and  the  worst  of  the  diseased 
canes  as  soon  as  the  fruit  has  been  harvested.  Make  frequent  new 
plantings  on  fresh  land,  selecting  the  healthiest  stock  available.  Give 
the  best  of  care,  both  in  cultivation  and  in  feeding  the  plants,  to 
secure  maximum  results  early  in  the  life  of  the  plantation. 

Orange  rust. —  This  disease  seldom  attacks  red  raspberries  but  is 
most  serious  on  black  raspberries  and  especially  on  blackberries.  The 
yellowish-green  foliage,  checking  of  growth,  and  the  orange-red  color 
of  the  under  surface  of  the  leaves  are  indications  of  the  presence  of 
this  disease.  The  only  treatment  is  to  dig  and  bum  infested  plants 
as  soon  as  the  disease  is  detected. 

Cane  blight. —  This  disease  attacks  both  red  and  black  raspberries. 
The  leaves  wilt  and  the  canes  die  as  the  fruit  reaches  maturity.    The 
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wood  becomes  discolored  in  large  or  small  patches,  often  encircling 
the  cane  which,  becomes  brittle  and  weakened  if  not  killed  outri^t. 
The  only  treatment  suggested  is  to  cut  out  and  bum  infected  canes, 
set  only  healthy  plants,  remove  fruiting  canes  at  once  after  harvest 
and  give  the  best  of  cultural  treatment,  making  frequent  renewals 
of  plantations. 

YeUcnva. —  Plants  are  dwarfish  or  stunted  in  growth,  the  foliage  is 
a  mottled,  yellowish-green,  and  the  fruit  does  not  mature  properly, 
often  becoming  dry  and  insipid.  The  cause  of  this  disease  is  unlmown 
and  no  remedy  is  suggested  except  renewal  of  plantations.  Heavy 
applications  of  fertilizers  or  spraying  with  bordeaux  mixture  does  not 
check  this  trouble. 

Root-knot  or  crown  gdU. —  The  presence  of  the  disease  is  indicated 
by  rough,  knotty  swellings  or  bunches,  usually  at  the  surface  of  the 
ground  or  on  the  roots  beneath.  Red  raspberries  are  most  affected. 
There  is  no  satisfactory  treatment.  The  disease  often  spreads  from 
plant  to  plant,  and  is  known  to  spread  from  raspbaxies  to  peaches. 
All  infested  plants  should  be  discarded  at  planting  time  and  plants 
should  not  be  set  on  ground  known  to  be  infested  with  this  disease. 

fruit. 

Yields,  costs  and  profits. —  As  with  other  fruits,  productiveness 
depends  on  variety,  soil,  cultural  treatment,  rainfall,  plant  food,  and 
freedom  from  insect  or  fimgus  pests.  Yields  of  red  raspberries  may 
vary  from  1400  to  2000  quarts  per  acre,  black  raspberries  from  1600 
to  2400  quarts  per  acre;  blackberries  2000  to  3000  quarts  per  acre; 
dewberries  yield  considerably  less  than  blackberries. 

Costs  and  profits  are  much  more  difficult  to  ascertain  on  account  of 
the  many  and  variable  factors  involved,  which  must  take  into  con- 
sideration cost  of  manure  and  fertilizers,  cultural  treatment  giv^i, 
value  of  land,  amount  of  labor  required  to  grow  the  crop  and  to  market 
it,  the  business  ability  of  the  manager  and  the  price  received  for  the 
fruit.  The  yields  have  ^ready  been  given.  The  selling  price  per  quart 
varies  from  8  to  12  cents  for  red  raspberries  to  5  to  9  cents  for  black 
raspberries,  depending  largely  on  the  season.  Expenses  should  be 
kept  within  bounds  so  that  at  the  close  of  the  season  a  profit  of  from 
$50  to  $150  may  be  expected.  In  many  seasons,  however,  the  gross 
income  from  fruit  is  in  the  neighborhood  of  from  $150  to  $200.  Many 
growers  add  to  this  income  tbjx)ugh  the  sale  of  plants. 

Picking  and  marketing, —  The  fruit  wiU  not  arrive  at  its  destination 
in  good  condition  unless  picked  and  handled  with  care.  The  berries 
are  usually  marketed  in  quart  boxes  which  are  placed  in  crates  of 
various  sizes,  the  average-sized  crate  holding  about  32  quarts.  Red 
raspberries  should  be  fully  ripe  but  still  firm,  with  no  tendency  to  over- 
ripeness.    They  deteriorate  rapidly  after  picking  and  should  not  be 
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harvested  when  wet.  They  soon  become  soft,  dull  in  color  and  lose 
much  of  theh"  delightful  flavor.  On  account  of  lack  of  firmness  tiiey 
are  often  sold  in  pint  boxes,  although  some  markets  prefer  quarts. 
The  same  rules  that  apply  in  harvesting  red  raspberries  apply  to  black 
raspberries  although  the  fruit  is  firmer  and  wUl  keep  longer  in  good 
condition.  Unfortunately,  blackberries  are  not  of  highest  flavor,  but 
are  often  quite  unpalatable,  until  dead  ripe,  at  which  stage  tiiey  are 
too  soft  for  shipping  any  great  distance.  The  fruit  usually  turns 
black  before  it  is  ripe  and  while  apparently  ready  for  picking  is  sour 
and  disagreeable  until  the  berries  soften,  at  which  time  tiie  flavor  is 
pleasant  and  refreshing.  If  left  standing  in  the  sun  after  picking 
some  varieties  become  reddish-black  and  deteriorate  in  flavor.  Dew- 
berries are  quite  similar  to  the  blackberries.  The  vines  are  decidedly 
thorny  and  imless  they  have  been  properly  trained  the  picking  is  an 
unpleasant  task.  They  ripen  before  the  blackberries,  turning  black 
some  time  before  fit  to  eat  and  are  not  at  their  best  until  almost  too 
soft  for  shipment. 

Evaporation. —  The  black  raspberry  is  the  only  one  of  the  fruits 
under  discussion  which  is  evaporated  to  any  great  extent.  The  berries 
are  picked  by  hand  or  are  batted  off  the  bulges  into  canvas-tray  har- 
vesters after  ihey  have  become  fully  ripe.  The  yield  of  dried  fruit 
per  bushel  of  green  fruit  varies  with  the  variety  and  the  season. 
From  2  to  4  quarts  of  fresh  fruit  are  usually  required  to  make  one 
pound  of  dried  fruit,  or  one  bushel  (32  quarts)  of  fresh  fruit  will  make 
about  10  pounds  dried  fruit.  The  price  for  evaporated  stock  varies 
from  15  to  25  cents  per  pound.  Six  cents  per  quart  for  fresh  fruit 
is  considered  a  fair  price  in  comparison  with  the  amount  received  for 
the  dried  product. 

Varieties  recommended  for  trial. —  The  following  list  of  varieties 
is  suggestive.  They  will  not  all  succeed  equally  well  in  every  place, 
and  some  will  utterly  fail.  The  list,  however,  includes  those  varieties 
that  have  made  a  good  record  at  this  Station  during  recent  years, 
including  both  older  and  newer  varieties. 

Red  Raspberries. 

Cnlhbert —  Late;  most  popobur  throu^out  the  State;  season  long. 

Herbert —  Late  midseason;  krger,  softer,  mora  productive  than  Cuthbert. 

June.—  Very  early;  productive,  long  season;  fruit  large,  ships  well. 

Marlboro. —  Early;  plants  dwiurfish;  fruit  firm,  sometimes  crumbles. 

Maxldoo. —  Season  short,  just  before  Cuthbert;  bushes  vigorous,  very  productive; 
berries  large,  attractive,  bright  red;  a  new,  promising  variety  originated  at  Experi- 
ment Station,  Geneva,  N.  Y.  Disseminated  in  1909.  Plants  soon  available  from 
nurserymen  and  growers. 

Perfection.—  Early;  bushes  stocky,  productive;  berries  large,  attractive  red. 

Purple  Raspberries. 

Columbian.—  Late;  vigorous,  productive*  firmer  than  Shaffer. 
Shdier.—  Late;  fruit  laiger,  softer  than  Columbian;  good  oaniMr. 
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Ydlow  Rupbanfaa. 
Golden  Qt>MiL— L«t«;  vet;  vigoroua;  b«niM  onage  or  tMle  yttkm,  toti,  h^  qaaUtr; 

home  UM. 

BUck  Rupbeiriea. 
Black  PMrL—Euly;  vigorous,  productive;  berries  large  to  medium,  attnoliTe  black. 

A  new  vitriety  frono  the  Wort.     Worthy  of  t«et. 
Cvunberland. — MidaeuoD;  st&udard;  latge,  weIl-col(M«d;  dcair^le. 
Diamond. — Midseaeon;  very  productive,  partial  to  loealitiea. 
Eureka. —  Elarly;  good  aiie  and  color;  not  of  tughwt  quality. 
Gregg.— Late ;  large;  lacks  productivencBB;  high  quality. 
Kaiisas.^Early;  very  productive;  fruit  large,  gloesy  black,  sweet;  standard. 
Palmer. —  Early;  productive;   medium   siia;  standard. 
Plum  Fanner. —  Early  midsraaon;  very  productive;  hi^ily  ragaided  for  o 

planting. 


Ajawam.—  Medium  early;  long  seiBon;  hardy,  very  produotiva. 

Briton  (Ancient  Briton).—  Season  mediuiD;  very  productive,  mild,  high  quali^, 

medium  size. 
Eldorado. — Medium  early;  hardy;  large  fruit;  deaiiaMe. 
Erie. —  Midaeason;  vigorous,  fairly  hardy;  benriee  attractive  color. 
Kittatinny. — Late  midseason;  vigorous  but  not  very  hardy;  beniea  Urge,  attractive 

black. 
Mersereao.— lAte;  not  always  hardy;  large;  deeiraMe. 
New  Rochall& —  Late;  old  variety;  usuiJlj  haidy:  vigorous. 
Snjdei.—  MidseaKm;  uaually  hardy;  barriea  ainall. 

Dewbeiries. 
Lncretia. — Early;  beniee  attractive  black,  large,  long;  the  moat  popular  varie^. 
Fiomo,  Mej«8  and  McDonald,  should  be  tested  in  a  small  way. 


GOOSEBERRIES.  ♦ 

O.  M.  TAYLOR. 
CULTURE. 

Location  and  aoil, —  Climatic  and  soil  requirements  of  gooseberries 
differ  but  little  from  those  of  currants.  They  are  among  the  hardiest 
of  all  the  small  fruits,  some  varieties  being  found  nearly  to  the 
Arctic  circle.  The  gooseberry  prefers  a  cool  soil  of  rather  heavy, 
clay-loam  type,  but  quickly  deteriorates  in  sandy  soils  which  become 
hot  and  dry.  Good  air  drainage  is  important,  especially  with. 
European  varieties,  which  are  subject  to  attacks  of  mildew. 

Preparation  of  soil, —  Moisture  is  an  important  essential;  yet  the 
plants  will  not  thrive  in  over-wet  soil  and  many  clay-loams  require 
thorough  drainage  if  the  plants  are  to  succeed.  The  soil  should 
contain  an  abundance  of  humus.  This  may  be  supplied  either 
by  stable  manure  or  by  plowing  under  cover  crops  previous  to  setting 
the  plants.  The  gooseberries  will  root  more  deeply  and  more 
moisture  will  be  conserved  if  the  land  be  plowed  deeply.  Thorough 
cultivation  should  be  given  to  fit  the  soil  for  planting. 

Manure  and  fertilizers, —  There  is  but  little  danger  of  the  soil 
being  too  rich.  Gooseberries  respond  to  liberal  applications  of 
plant  food.  Annual  applications  of  stable  manure  appUed  during  the 
dormant  season  or  in  early  spring  are  beneficial.  The  kind  and 
amount  of  commercial  fertilizers  to  use  depend  on  conditions;  they 
are  best  determined  by  individual  experiments  with  nitrogen,  phos- 
phoric acid  and  potash,  leaving  checks  so  that  benefits,  if  any,  may 
be  apparent.  The  following  amounts  are  suggestive:  two  to  three 
hunchnsd  pounds  per  acre  of  nitrate  of  soda  or  three  to  six  hundred 
pounds  dried  blood  applied  as  soon  as  the  leaves  have  unfolded;  one 
ton  wood  ashes  or  two  to  three  hundred  pounds  muriate  of  potash; 
six  to  seven  hundred  pounds  acid  phosphate;  all  to  be  applied  early 
in  the  spring.    Fertilizers  will  not  take  the  place  of  humus. 

Propagation.—  American  varieties  of  gooseberries  may  be  propa- 
gated with  fairly  jgood  results  from  well-ripened  wood  of  one  season's 
growth,  cut  into  lengths  of  from  six  to  ten  inches  as  soon  as  the 
leaves  have  dropp^;  they  may  be  planted  at  once  in  nursery  rows 
or  tied  in  bundles  and  buried,  butt  end  up,  in  moist  sand  to  callus 
for  a  few  weeks  after  which  they  are  planted  or  they  may  remain  in 
the  sand  until  early  spring.  The  cuttings  are  planted  deeply  leaving 
but  one  or  two  buds  above  the  surface,  placing  them  from  four 
to  six  inches  apart  in  the  row. 

*  A  reprint  of  Circular  No.  46,  December  24,  1916. 

[647] 


648    RePOBT  of  the  DbPABTUENT  of  HoBTICULTtntE  OF  THE 

The  European  kindfi  do  not  root  readily  from  cuttings  and  fen- 
these  mound-layering  la  resorted  to,  which  method  ia  also  followed 
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to  the  sun's  ra3rs  or  injury  from  scald  may  result,  while  branches 
tendii^  to  touch  the  ground  should  be  removed  to  give  a  better 
circulation  of  air. 

Spraying, —  Annual  attacks  of  insects  or  fungus  diseases  may  be 
expected  and  for  such  troubles  spraying  is  a  necessity.  It  is 
especially  important  with  gooseberries  that  the  foliage  be  preserved 
as  a  protection  to  the  fruit  against  sunscald. 

As  a  rule,  the  bushes  should  be  sprayed  with  a  combined  insecti- 
cide and  fungicide  soon  after  the  fruit  begins  to  swdl  and  again  with 
a  fungicide  after  the  fruit  has  been  harvested.  In  some  locaUties 
a  dormant  spray  may  be  necessary. 

INSECTS. 

Currant  worm. —  These  worms  are  usually  present  each  year, 
destroying  the  foliage.  There  are  two  broods,  each  having  a  long 
season.  The  worms  may  easily  be  kiUed  by  an  arsenical  spray 
such  as  arsenate  of  lead,  three  pounds  to  fifty  gallons,  applied  as 
soon  as  they  make  their  appearance,  usually  when  the  fruit  is  about 
half  grown.  This  spray  should  be  combined  with  a  fungicide, 
either  bordeaux  mixture,  S-S-50  formula,  or  lime-sulphur,  1  to  40. 
Powdered  heUebore  at  die  rate  of  a  teaspoonful  to  a  ^dlon  of  water 
is  sometimes  used. 

San  Jose  scale. —  This  pest  is  too  well  known  to  require  a 
description.  Spray  with  lime-sulphur,  1  to  8,  early  in  the  spring 
before  the  leaves  open. 

DISEASES. 

Leaf-spot. —  Gooseberry  foliage  is  attacked  by  a  disease  causing 
brownish  spotting  on  the  leaves,  which  in  severe  attacks  drop  pre- 
maturely. Rem^y:  lime-sulphur,  1  to  40,  or  bordeaux  mixture, 
3-3-50,  applied  at  time  of  spraying  for  worms  and  again  after  harvest. 

MiMew. —  This  disease  attacks  leaves,  twigs,  or  fruit  of  the 
European  varieties.  Patches  of  moldy,  web-like  covering  appear  on 
the  surface,  U^t  gray  at  first,  becoming  brownish.  The  fruit  when 
attacked  becomes  worthless  for  market  and  the  bushes  are  stunted. 
This  disease  usually  yields  to  repeated  applications  of  potassium 
sulphide  (liver  of  sulphur),  one  ounce  to  two  gallons  water,  applied 
as  the  leaves  heg^n  to  open  and  repeated  every  ten  days  or  two 
we^.  Lime-^nilphur  is  a  promising  remedy  and  worthy  of  test. 
The  mildew  has  not  been  so  serious  in  recent  years  as  in  the  past. 

HARDINESS  AND  LONOBVITT. 

Hardiness. —  Gooseberries  are  fully  as  hardy  as  currants  and 
healthy  plants  wiU  withstand  low  temperatures  without  injury. 

Duration  of  plantations. —  Harvests  may  be  expected  for  a  num- 
ber of  years,  much  depending  on  the  thoroughness  of  the  renewal 
process  of  pruning.    Some  fidds  have  given  good  crops  for  over  20 
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years  but  most  plantations  are  discarded  after  ten  or  twelve  good 
crops  have  been  secured.  Old  bushes  may  sometimes  be  rejuvenated 
by  cutting  off  all  the  canes  close  to  the  groimd  and  giving  a  libeanEd 
application  of  stable  manure. 

0 

HARVESTING. 

Yields  and  profits, —  Gooseberry  plants  usually  bear  some  fruit 
the  second  year  from  planting  and  a  full  crop  may  be  expected  the 
fourth  year.  Yields  vary  widely.  Mature  plants  set  six  feet  by 
four  feet  may  yield  from  200  to  400  bushels  per  acre.  The  American 
varieties  are  usually  considered  more  productive  than  the  Europeans, 
but  this  is  not  alwa3rs  the  case. 

The  amount  of  profit  is  dependent  on  many  factors.  Value  of 
land,  cost  of  all  cultural  operations,  expense  connected  with  pick- 
ing and  marketing  the  fruit,  and  the  market  price  must  all  be  con- 
sidered. Good  crops  may  be  expected  annually,  the  gooseberry 
being  one  of  the  most  reliable  of  all  the  small  fruits.  Yields  are 
high  but  prices  vary  widely  ranging  from  two  to  eight  cents  per  pound 
depending  on  variety  and  market  conditions.  Prices  in  recent 
years  have  been  on  the  decUne. 

Picking  and  marketing  the  fruit. —  Most  of  the  gooseberries  of 
this  State  are  picked  green  and  disposed  of  at  canning  factories. 
The  market  demand  is  limited.  The  berries  are  usually  stripped 
from  the  bushes,  a  difficult  operation  with  the  thornier  varieties, 
run  through  a  fanning  mill  to  remove  the  leaves  and  for  the  markets 
are  packed  in  quart  boxes  or  grape  baskets,  but  for  canning  factories, 
boxes,  trays,  or  baskets  holdmg  from  one-third  to  one-halT  a  bushel 
are  used.  The  high  flavor  and  good  quality  of  ripe  gooseberries, 
especially  of  European  varieties,  are  seldom  known  to  consumers  as 
most  of  the  fruit  is  removed  from  the  bushes  before  it  is  ripe.  There 
is  danger,  however,  from  sunscald  if  the  fruit  is  left  too  long  on  llie 
bushes. 

VARIETIES. 

Selection  of  varieties, —  American  varieties  of  gooseberries  aie 
grown  more  extensively  in  this  State  than  are  the  European  kinds. 
The  leading  varieties  are  Downing,  Pearl  and  Josselyn.  There  are 
also  a  number  of  hybrids  well  worthy  of  attention.  The  widest 
variations  in  size  and  color  exist  among  the  classes.  Adaptation 
should  be  determined  before  planting  extensively  in  the  commercial 
plantation.  A  variety  may  succeed  in  one  place,  yet  be  a  failure 
in  another  locality.  Downing  is  the  most  popular  of  the  American 
class.  Poorman,  a  newer,  red  variety,  larger  in  bush  and  h&rry 
than  Downing,  is  worthy  of  test.  Among  the  European  kinds, 
Industry  is  the  most  popular  and  most  widely  planted.  Chautauqua, 
a  very  productive  variety,  with  large,  silvery-green  berries  is  last 
coming  in  favor  as  a  commercial  sort. 
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Plants  of  European  varieties  as  compared  with  Americans  are 
dwarfer,  stockier,  with  shorter,  more  upright,  thicker  branches  and 
with  thicker,  glossier  foliage  and  the  fruit  is  usually  much  larger. 

American  Goosbbebbibs. 

Downiqg. —  Standard;  pale  green;  excellent  flavor  and  quality;  one  of  the  best. 
Jo6selyn. —  Pale  red;  very  vigorous;  productive.    Berries  small. 
PearL —  Resembles  Downing. 

Poomnui. —  Large   bushes;    productive.    Berries   medium   siae,    pinkish-red.    A 
variety  of  promise;  worthy  of  test. 

EUBOPBAN  GOOBBBBBRIES. 

Chaistauqua* — Pale  green;  more  vigorous  and  more  productive  than  Industry; 
excellent  flavor  and  quality. 
lodustry. —  Productive;  dark  red;  high  quality;  one  of  the  best. 
Whttesmttlk —  Vigorous;  pale  yeUowish-green;  sweet;  very  good. 


TOMATO  CULTURE.* 

J.  W.  WELLINGTON. 

Soil  adaptations. —  The  tomato  thrives  on  well  drained  soils. 
Those  which  are  too  heavy  and  rich  have  a  tendency  to  produce 
excessive  vine  to  the  detriment  of  the  fruit.  A  sandy  loam  of  mod- 
erate richness  and  easy  tillage  is  ideal. 

Fertilizer. —  Well  rotted  manure  is  the  best  of  all  fertilizers  for  the 
tomato  and  on  very  poor  soils  is  essential  to  success.  The  amount 
of  manure  required  per  acre  will  depend  upon  the  fertility  of  the  soil, 
poor  t3rpes  needing  a  liba*al  application.  In  the  family  gard^i  a 
forkful  of  manure  placed  beneath  each  plant  is  ideal  treatment.  The 
tomato  plant  is  a  rapid  and  luxuriant  grower  and  needs  an  abundance 
of  available  food.  Nitrate  of  soda  has  been  found  by  experimenters 
and  practical  growers  to  be  very  valuable  for  the  tomato  crop,  both 
in  hastening  the  growth  and  in  increasing  the  yield.  It  is  best  applied 
after  tiie  plants  are  set  in  the  field.  The  nitrate  should  be  distributed 
near  the  stem  but  should  not  come  in  contact  therewith  and  should 
be  mixed  in  with  the  surface  soil.  The  nitrate  treatment  will  often 
start  tardy  plants  into  strong  growth.  If  the  grower  must  rely  on 
commercial  fertilizers  alone,  he  should  use  at  least  500  pounds  per 
acre  of  a  high-grade  fertilizer,  which  application  may  be  reasonably 
supplemented  by  the  nitrate  treatment. 

Soil  treatment, — ^The  field  should  be  plowed  the  fall  preceding  and  if 
manure  is  to  be  used  it  should  be  applied  at  this  time.  The  following 
spring  the  soil  should  be  thoroughly  harrowed  and  put  in  good  shape. 
The  tomato  plants  are  not  set  in  the  field  until  late  May.  Therefore 
w  th  valuable  land  it  is  good  practice  to  grow  radishes,  lettuce,  or 
early  onions  on  the  same  plat,  allowing  space  to  set  plants.  This 
applies  only  to  valuable  market  garden  tracts  and  small  home  gar- 
dens. The  tomato  may  well  take  the  place  of  the  potato  in  a  good 
farm  rotation. 

Oood  strains. — ^Late  years  have  produced  many  highly  vaunted 
strains  of  tomatoes,  the  seed  of  which  sells  for  large  prices  per  ounce 
and  packet.  These  selections  are  generally  from  standard  varieties 
and  supposedly  produce  higher  and  better  quality  yields.  The 
Pennsylvania  Station  f  has  proved  that  there  is  a  decided  difference 
between  strains  and  also  that  those  best  advertised  are  not  necessarily 
the  best  yielders.  There  are  many  reliable  seedsmen  from  whom  the 
grower  may  obtain  seed  of  value.    By  selecting  seed  fruits  from  vines 

*  A  reprint  of  Circular  No.  34,  January  20,  1915. 
t  Pa.  Agrl.  Expt.  Sta.     Bui.  129. 
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of  high  yield  and  good  appearance,  it  is  possible  to  improve  a  variety 
greatly  in  yield  luid  shape.  The  tomato  crosses  freely  and  unless 
one  sort  only  is  grown  in  a  fidd  it  will  be  necessary  to  bag  blossoms 
before  opening  in  order  to  secure  pure  seed. 

The  young  plants.^ — In  our  State,  it  is  necessary  to  protect  the  young 
seedlings  from  cold  and  frosts.  Tlie  seed  should  be  sown  in  the  hot- 
bed about  March  1st,  in  rows  two  inches  apart.  One  ounce  con- 
tains several  thousand  seeds  and  so  a  small  packet  will  be  ample  to 
start  sufficient  plants  for  the  home.  When  plantlets  are  about  two 
inches  tall,  thev  should  be  transplanted  to  a  new  bed  or  to  flats  and  set 
three  to  six  inches  apart.  Some  growers  transplant  into  pots,  which  is 
ideal  treatment  in  that  each  plant  has  plenty  of  room  for  its  roots  and 
light  for  its  foliage.  The  tomato  makes  rapid  growth  at  this  stage  and 
care  must  be  taken  to  ventilate  the  beds  properly  in  order  to  keep  the 
growth  sturdy.  As  soon  as  safety  permits,  the  ^lass  must  be  removed 
entirely  to  iJlow  the  plants  to  become  hardy,  covering  only  during 
threatening  temperature.  The  housewife  may  easily  start  a  few 
seeds  near  a  sunny  window  and  thus  raise  good  plants  without  much 
expense.  The  greenhouse  affords  an  ideal  starting  place  for  the  to- 
mato. Plants  may  be  raised  from  seed  sown  in  the  open,  but  are 
later  in  maturing  fruit.  The  ideal  young  plant  should  be  stiu'dy, 
healthy  green  in  color,  and  from  six  to  nine  inches  high. 

Setting  the  plants. — Early  varieties  may  be  set  four  feet  by  four  feet 
Late  varieties  should  be  set  five  feet  by  five  feet  and  on  rich  ground 
will  cover  the  entire  surface  if  set  six  feet  by  six  feet  or  even  more. 
Extensive  growers  employ  a  transplanting  machine  for  setting  the 
plants.  Small  fields  are  set  by  hand.  A  spade  is  a  very  useful  tool  for 
setting.  The  stem  should  be  set  deeper  in  the  soil  than  it  grew  in  the 
bed  and  good  pulverized  soil  should  be  drawn  in  about  the  roots 
and  thoroughly  pressed  with  the  feet.  By  taking  care  to  wet  the 
soil  a  few  hours  before  taking  up  the  plant,  a  ball  of  earth  will  cling 
to  the  roots,  and  plants  thus  treated  will  suffer  Uttle  setback. 

Care  of  the  plants. —  The  cultivator  and  hoe  are  necessary  tools  for 
success  with  the  tomato.  The  cultivator  should  be  used  directly  after 
setting  and  i^ter  every  rain  and  the  earth  kept  soft  about  the  plants 
with  the  hoe.  Nitrate  of  soda  carefully  applied  about  the  plants  at 
this  stage  promotes  quickened  growth.  Commercial  tomato  growers 
often  lose  a  considerable  portion  of  their  profit  by  neglecting  tillage, 
which  fact  is  well  demonstrated  by  Indiana  Station*  experiments. 
It  is  excellent  practice  in  the  home  garden  to  train  the  tomato  to  stakes 
or  trellises,  the  result  being  earUer  ripening  and  cleaner,  brighter- 
looking  fruits.  A  trdlis  of  stakes  and  laths  will  be  found  cheap  in 
price  and  sufficient  in  straigth.  Wire  trellises  are  sometimes  used 
in  larger  plats. 

Spraying, —  Ordinarily,  the  tomato  does  not  require  spraying,  but 
in  damp,  muggy  weather  there  may  develop  conditions  wherein  spray- 

^nd.  Agri.  Ezpt  Sta.    Bui.  165. 
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ing  is  necessary  and  profitable.  The  flea-beetle  of  the  potato  may 
riddle  the  leaves  of  young  tomato  plants  and  is  best  controlled  with 
bordeaux  mixture,  which  acts  as  a  deterrent.  Leaf-spot  of  the 
tomato  is  controlled  by  the  same  fungicide. 

The  crop, —  The  early  varieties  are  valuable  only  until  late  sorts 
are  ripe,  for  they  are  usually  inferior  in  quality.  The  ripening  date 
is  variable,  early  sorts  may  begin  to  bear  a  few  fruits  in  late  July — 
in  fact  this  depends  on  early  starting,  favorable  location,  etc.  Fancy 
and  early  kinds  are  handled  in  small  receptacles  —  the  main  crop 
m  half-bushel  and  bushels.  Culls  and  mis-shapes  should  be  discarded 
altogether.  Dirty  fruit  should  be  wiped  clean  and  made  attractive. 
Careful  packing  and  facing  are  profitable  operations  in  the  retail 
trade.  Canning  factories  usually  contract  for  the  grower's  crop  at  a 
definite  price  per  ton  —  other  growers  must  sell  their  product  at 
market  prices  varying  greatly  with  tiie  supply  and  demand. 

Ovdook, —  The  tomato  crop  is  a  good  year-in-and-year-out  invest- 
ment. With  good  culture  and  with  right  seed  the  yield  may  be  in- 
creased to  the  neighborhood  of  twenty  tons  per  acre,  which,  at  a  mod- 
erate price  per  ton,  would  mean  good  returns.  The  tomato  plant 
makes  a  good  filler  for  young  orchards.  The  imiversal  use  of  the 
fruits,  in  preserves,  condiments  and  soups,  creates  a  steady  market. 
The  practice  of  better  cultural  methods  would  mean  more  imiform 
success  to  tomato  growers. 

A  FEW   GOOD  tomatoes. 

Earllana. —  Plant  amall  but  vigorous;  branches  slender;  foliage  sparse;  leaves 
small,  light  green  in  color.  FVuits  medium  in  sise,  uneven  in  shape,  often  angular, 
bright  red  in  color.  Flavor  good.  ValuaUe  because  of  early  ripening.  For  home 
and  market  gardens  as  early  variety. 

Chalks  Early  Jewel. —  Plant  medium  in  sise;  branches  sloider;  foliage  abundant; 
leaves  medium  in  size,  green  in  color.  Fruits  generally  smooth,  rouncOsh  to  oblate 
in  shape;  solid  red  in  color.  Flesh  medium  firm;  flavor  good.  An  excellent  second 
early  sort.  Grown  as  main  crop  in  northern  localities  where  late  sorts  often  fail  to 
mature  profitably.    Very  good  for  the  home  garden. 

Matchless. —  Plants  large,  vigorous.  Foliage  dark  green  in  color,  healthy.  Fruit 
oblate  to  roundish,  regular  in  shape,  bright  red  in  color.  Flavor  very  good,  season 
late,  a  main  crop  sort. 

Stone. —  Plants  Itfge,  vigorous  and  healthy.  Foliage  abundant,  dark  green  in 
color.  Fruits  large,  oblate  to  roundish  in  shape;  bright  red  in  color.  Flavor  excel- 
lent. The  leading  canning  and  market  tomato  In  sections  where  the  crop  profitably 
matures.    Very  good  for  the  home  garden. 


CULTURE  OF  THE  POTATO.* 

J.  W.  WELLINGTON. 

t 

Soil. —  The  potato  attaina  perfection  in  the  cooler  soils  of  our 
northern  states  and  thrives  in  an  environment  of  abundant  moisture 
and  moderate  temperature.  This  vegetable  is  adapted  to  a  variety 
of  soils,  doing  best  on  a  medium  clay^  loam  of  good  depth  and 
natural  richness.  Drainage  is  a  very  important  factor,  demon- 
strated by  the  fact  that  the  producing  potato  sections  of  the  country 
are  areas  of  natural  fine  drainage.  Li^t  sandy  loams,  if  sufficiently 
fertilized  and  supplied  with  humus,  produce  ^kxI  crops  of  superior 
eating  quality.  Any  well  drained  soU  may  be  made  to  pi^bduce 
good  yields  with  proper  attention  to  cultural  practices. 

Plant  food. —  Humus  is  very  essential  in  potato  culture.  This  is 
commonly  supplied  in  barnyard  manure,  but  in  commercial  culture 
the  grower  is  often  forced  to  rely  upon  the  turning  under  of  a  legu- 
minous crop  for  his  source  of  this  important  matmal.  The  lack  of 
humus,  with  the  increasing  prevalence  of  diseases  which  live  over  in 
the  soU,  has  led  to  t^e  practice  of  growing  the  potato  in  rotation 
with  other  farm  crops.  Maine  growers  commonly  use  a  rotation  of 
oats,  clover  and  potatoes.  The  clover  is  sometimes  iJl  turned 
under,  but  more  often  the  second  crop  suffices.  Clover,  a  deep- 
rooted  l^ume  and  an  air  feeder,  enriches  the  soil  and  makes  it  more 
porous.  Furthermore,  the  decaying  of  the  clover  has  been  found  to 
induce  a  slightly  acid  condition  of  the  soil  which  is  beneficial  in 
tending  to  reiduce  scab  injury.  Where  barnyard  manure  is  used  it 
should  be  applied  liberally  to  the  preceding  crop,  experience  having 
taught  that  fresh  manure  increases  scab  injury.  Where  no  manure 
is  available,  the  use  of  a  large  amount  of  high-grade  fertilizer  is 
warranted.  Heavy  applications  are  broadcasted,  small  ones  should 
be  sown  in  the  furrow  and  covered  by  dragging  a  knotted  chain  or 
other  device  thus  preventing  the  chanicals  from  coming  in  direct 
contact  with  the  seed.  Fertilizer  should  be  spread  before  the  final 
harrowing  and  preferably  a  few  days  before  planting.  Liberal  fer- 
tilization is  necessary  to  the  production  of  high  3rields. 

Experiments  conducted  by  this  Station  for  a  number  of  years  on 
diEferent  types  of  Long  Island  soils  proved  that  applications  of  over 
1000  lbs.  per  acre  of  high-grade  potato  fertilizer  were  not  profitable 
to  the  grower.  Larger  amounts  increased  the  yield  to  some  extent 
but  not  sufficiently  to  warrant  thdr  use. 

Preparation  of  land. —  If  necessity  compels  the  use  of  pasture  or 
old  land,  plowing  should  be  done  the  preceding  fall  and  again  in  the 

>*  A  reprint  of  Circular  No.  36,  January  20, 1915. 
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spring.  Deep  plowing  is  essential  in  order  to  mellow  abundant  soil 
to  cover  the  growing  tubers.  Harrowing  should  be  continued  until 
the  soil  is  pulverized,  this  extra  work  proving  a  good  investment  in 
ease  of  cultivation  and  increased  yidd.  Commercial  growers  use 
special  planters,  which  open  the  furrow  and  drop  and  cover  the  seed 
at  one  operation.  A  small  plow  may  be  used  to  open  the  furrows. 
Rows  should  be  thirty  inches  to  three  feet  apart,  the  hills  horn 
twelve  to  eighteen  inches,  dependent  upon  the  growing  habit  of  the 
variety. 

Seed. —  The  potato  is  propagated  asexually,  the  tubers  bdng  com- 
monly, though  erroneously,  termed  seed.  The  true  seed  is  found  in 
tiie  spherical  tomato-like  fruits  whidi  sometimes  devdop  from  the 
flowers,  though  generally  the  flower  clusters  drop  shortly  after  in- 
florescence. In  purchaong  new  "  seed  ",  the  grower  should  select 
well-known  market  varieties  and  should  deal  only  with  reputable 
merchants  and  growers  even  thou^  their  price  be  higher.  Aft^ 
once  securing  pood  sorts,  selection  must  be  undertaken  in  order  to 
maintain  and  mxprove  yield  and  quality.  Hill  selection  at  digging 
time,  as  contrasted  to  the  old  practice  of  taking  seed  at  random 
from  the  bin,  is  the  essence  of  successful  improvemeot.  Seed  tubers 
should  be  uniform  in  shi^  and  color  and  be  free  from  blemiaheB. 
Professor  Stuart  ^  of  the  Department  of  Agriculture  has  published 
valuable  information  on  the  improvement  of  the  potato.  It  is  a 
common  thought  that  varieties  "  run  out "  and  that  it  is  necessary 
to  ^'  change  seed  "  every  few  years.  Experimental  data  presented 
by  Station  workers  and  good  growers  prove  that  a  variety  may  be 
maintained  and  ameliorated  by  careful  methods  and  that  running 
out  is  more  often  due  to  the  lade  of  syst^natic  selection  and  to 
ignorant  practices. 

Treatment  of  seed. —  Before  cutting,  the  tubers  should  be  sacked 
and  suspended  for  two  hours  hi  a  solution  of  one  pint  of  commercial 
formalin  to  30  gallons  of  watar,  then  spr^td  to  dry  and  thereafter 
handled  in  clean  receptacles.  This  treatment  controls  the  scab  and 
should  be  practiced  even  though  the  tubers  are  apparently  free. 
Formaldehyde  gas  may  be  used,  with  proper  precaution,*  in  large 
storage  cellars.  Tubers  showing  lesions  of  Rhisoctonia  should  be 
immersed  for  one  and  one-half  hours  in  a  solution  of  bichloride  of 
merciuy  (corrosive  sublimate)  consisting  of  two  ounces  of  the  sub- 
stance in  fifteen  gallons  of  water.  The  chemical  is  a  deadly  poison 
and  tubers  once  treated  should  be  planted  immediately.  This  is 
also  an  efficient  treatment  for  scab  and  were  it  not  for  the  dangerous 
nature  of  the  material  would  be  the  better  solution  for  common  use. 
Large  seed  tubers  should  be  cut  into  two  or  more  pieces,  small  tubers 

>  W.  Stuart,  ''  Good  Seed  Potatoee  and  How  to  Produce  Them."  U.  S.  Dqit 
Agr.  Farmers'  Bui.  533. 

* ''  The  Injurious  Effect  of  Fonnaldehyde  Gas  on  Potato  Tuben."  Stewart  and 
Gloyer.    N.  Y.  Agr.  Ezp.  Sta.  Bvla.  369  and  370. 
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may  be  planted  whole.  The  seed  tubers  should  be  kept  in  a  cool 
cellar  so  as  to  retard  the  growth  of  the  sprouts. 

Planting. —  Early  varieties  should  be  planted  as  soon  as  the  ground 
is  warm  and  can  be  properly  prepared.  Mainn^rop  varieties  are 
sown  lata:  when  danger  of  frosto  is  well  past.  Young  plants  may 
be  protected  from  frosts  by  covering  lightly  with  soil.  The  furrows 
should  be  about  six  inches  deep.  £x  small  fields  and  gardens  hand 
planting  is  practiced  and  seed  pieces  are  dropped  at  as  nearly  equal 
distances  as  is  possible  with  rapid  work.  The  furrows  may  be  mled 
by  hoes  or  by  a  horse  cultivator  properly  equipped.  In  commercial 
operations  this  work  is  simplified  by  the  use  of  the  potato  planter. 

Care  of  growing  crop, —  The  field  should  be  harrowed  frequently 
from  plantmg  time  imtil  the  young  plants  begin  to  appear.  In 
weedy  fields  and  in  soil  that  has  a  tendency  to  bake  it  is  often  ad- 
visable to  harrow  with  a  fine  toothed  weeder  once  or  twice  while 
the  plants  are  yet  small.  After  this  the  soil  must  be  kept  mellow 
by  frequent  tillage  and  at  least  one  or  more  hoeings.  At  the  time 
the  vines  start  spreading,  the  rows  should  be  hilled  slightly  with 
either  a  special  ridger,  a  cultivator  with  hillers,  or  with  hoes.  This 
is  done  to  protect  the  young  tubers  from  exposure  to  the  sun  after 
the  vines  die  down.  From  this  point  tillage  ceases,  as  the  vines 
soon  cover  the  ground  in  a  mass. 

Spraying. —  The  value  of  potato  spraying  is  now  beyond  question 
and  is  recognized  by  all  better  growers.  Concise  directions  for 
spraying  are  given  in  the  following  extract  from  Bulletin  349'  of  this 
Station.  "  Spraying  with  bordeaux  mixture  should  be  commenced 
when  the  plants  are  six  to  eight  inches  high  and  repeated  at  inter- 
vals of  10  to  14  days  throu^out  the  season,  making  five  to  seven 
applications  in  all.  Some  poison  diould  be  added  to  the  bordeaux 
whenever  bugs  or  flea  beetles  are  plentiful.  The  spraying  should 
be  very  thorough  —  the  more  thorough  the  better."  Bordeaux  mix- 
ture is  a  standard  fungicide,  directions  for  making  of  which  may  be 
had  from  this  Station.  The  poison  used  may  be  either  arsenate  of 
lead  or  paris  green,  the  first  more  enduring  on  the  vines  and  the 
second  quicker  b  action.  The  fungicide  controls  early  and  late 
blight  and  other  foliage  maladies,  the  insecticide  saves  the  plants 
from  almost  certain  defoliation  by  the  Colorado  beetle. 

Harvesting. —  Early  varieties  are  dug  when  the  vines  turn  brown 
and  tubers  are  of  useful  size.  Later  varieties  are  more  often  killed 
down  by  frosts  and  do  not  reach  full  maturity.  If  possible,  good 
sunshiny  weather  should  be  chosen  as  time  for  digging.  Large  fields 
are  dug  with  special  digging  implements,  small  fields  with  a  plow 
or  with  hand  tools.  The  tubers  should  dry  on  the  ground,  then  be 
bagged  or  crated  and  taken  to  sheds  for  grading.    Misshapen  and 


>  Stewart,  French  ft  Sirrine.    "  Potato  Spraying  Ezperiments."    N.  Y.  Agr.  Eipt 
Sta.  Bui.  340. 


undttsued  potatoes  should  be  discarded.  Potatoes  are  marketed  in 
barrels,  two-bushel  bags  and  bushd  crates. 

Stortme, —  Potatoes  are  often  profitably  stored  until  after  the  rudi 
season.  Community  storage  is  ideal,  in  making  use  of  a  specially 
constructed  building  wherein  temperature  and  moisture  may  be  better 
controlled  and  where  the  product  may  be  advantageously  exposed 
for  sale.  The  farm  cellar  is  good,  if  safe  from  froet  and  not  equipped 
with  furnace  or  boiler.  A  root  cdlor  is  not  expensive  and  should  he 
on  evoy  farm. 

The  potato  is  the  most  important  v^etable  and  supplies  a  large 
part  of  the  world's  food.  It  is,  therefore,  especially  reasonable  that 
the  grower  should  practice  every  effort  toward  the  upbuilding  of  tiie 
indiistry. 


Irlita  Cobbler. —  Early;  whit«;  roundiah-obliHig  with  toidBaoy  to  uncaluitT  in 
aliMH'  quality  good;  valuable  for  early  home  and  market  purposes. 

Early  Rose.—  Early:  t^nk  to  ran  m  color;  tuben  long,  alightly  tapering  and  flU- 
lened;  fleth  white;  quality  good;  valuable  for  eaiiy  home  and  market  pnrpoaes  when- 
ever a  leddiah  skin  potato  is  held  in  eBteon. 

Rural  New  Yoricer. —  lAte;  white  akin  and  Seah;  ti^ten  roundiah-oval  to  quite 
oblong;  quality  very  good.    Standard  maia  crop  variety. 

Qrein  Motmtaiii. —  late  mun  crop  variety;  tubera  roundiah-oral  and  thickened; 

■prouta  while;  quality  very  good.    Adapted  to  aorthecn  oonntiea  where  t 

oonditiona  are  more  favorable. 


ONION  CULTURE.* 

J.  W.  WELLINGTON. 

Climate, —  The  onion  thrives  best  in  a  climate  which  affords 
moderate  temperature  and  abmidant  moistw^  during  the  first  stage 
of  the  plant's  growth,  developing  gradually  into  a  season  of  increasing 
heat  and  accompanying  drying  of  soil  and  atmosphere.  This  vege- 
table is  grown  throughout  tiie  entire  United  States  but  the  producing 
sections  are  in  the  north.  New  York  is  one  of  the  leading  onion 
states. 

Soils, —  Soils  containing  a  superabundance  of  decaying  nitro- 
genous materials  are  particularly  favorable  to  onion  growing.  The 
muck  areas  are  of  this  nature  and  when  properly  drained  are 
unexcelled  in  that  they  present  a  soil  level  in  situation,  containing 
abundant  moisture  and  of  easy  tillage.  Heavy  clay  and  rough 
gravel  t3rpe8  should  be  avoided  as  they  are  difficult  and  expensive 
to  properly  prepare  and  till.  The  sandy  loams  of  old  river  bottoms 
afford  an  ideal  situation  for  onion  growing.  In  New  York  State 
the  onion  is  produced  largely  upon  the  muck  soils  of  which  there 
are  extensive  pockets  in  the  central  and  western  parts  of  the  State. 
Mucks  are  largely  composed  of  nitrogenous  matenals  and,  therefore, 
contain  an  almost  inexhaustible  supply  of  humus.  Not  all  mucks 
are  adapted  to  vegetable  growing.  Those  derived  from  hard  wood 
growths  are  generally  excellent,  while  those  resulting  wholly  from 
rotted  Tamarack  or  shrubby  vegetation  are  usually  of  little  value. 
Prospective  purchasers  or  owners  contemplating  the  growing  of 
vegetables  on  muck  should  consult  with  experienced  growers  before 
investing  to  any  great  extent  in  land  or  drainage. 

Drainage. —  The  muck  deposits  are  found  in  low  swampy  areas 
where  natural  drainage  i^  almost  entirely  lacking.  Artificial  drainage 
is  usually  necessary  and  is  generally  accompMied  by  digging  a  big 
main  ditch  through  the  swamp  and  leading  to  a  lower  level.  Latersd 
drains  are  then  constructed  to  the  main  ditch.  Covered  tile  drains 
are  greatly  superior  to  open  ditches,  not  only  exerting  a  saving  in 
land  but  also  doing  away  with  grass  and  weeds  which  harbor  insect 
and  fungus  pests.  A  proper  system  of  drainage  enables  the  grower 
to  work  his  land  quite  early  in  the  spring  and  assists  in  keeping 
a  constant  water  level  by  carrying  off  excessive  rainfalls.  During 
the  summer  droughts  these  drams  may  be  used  as  a  basis  for  a  sub- 
irrigation  plant.  Without  some  method  of  drainage  vegetable 
growing  on  the  muck  lands  would  result  in  almost  certain  failure. 

Air  drainage  is  also  important  with  the  onion  crop;  that  is,  small 
fields  should  not  be  surroimded  on  all  sides  by  high  trees  but 
should  have  open  exposure  to  currents  of  air. 

*  A  reprint  of  CiroulAr  No.  40,  April  30,  1915. 
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Crap  rotation.— The  onion  is  commonly  grown  in  rotation  with 
lettuce  and  celery  although  with  proper  fertilization  it  may  be  grown 
continuously  on  the  same  soil.  A  two-year  rotation  consisting  of 
onions  one  year  and  lettuce  intercropped  with  celery  the  next  is 
a  conmion  practice. 

Preparaiian, —  The  soil  should  be  plowed  in  the  fall  preceding 
the  seeding  of  the  onion  and  if  manure  is  to  be  applied  it  should  be 
spread  at  this  time  and  harrowed  into  the  soil.  The  disc  harrow 
^ould  be  brought  into  use  as  early  in  the  spring  as  ground  can  be 
worked.  Conmiercial  fertilizer  should  be  sown  at  this  time  so  that 
it  may  be  thoroughly  incorporated  with  the  soil.  Some  fine  cutting 
and  smoothing  tool  should  be  used  for  bringing  the  soil  into  a  con- 
dition of  almost  perfect  tilth.  Only  sufficient  area  for  the  day's 
planting  should  be  prepared  at  one  time  so  that  the  seed  bed  may 
be  moist  and  favorable  for  a  quick  start. 

Fertilizers. —  The  onion  requires  abundant  food  in  order  to  pro- 
mote a  profitable  bulb  growth.  The  amount  of  fertilizing  materials 
used  per  acre  is  large.  Since  the  value  of  good  onion  land  is  high 
and  the  cost  of  culture  veiy  large,  the  growers  cannot  allow  shortage 
of  food  to  be  the  limiting  factor  to  success.  Potash  and  phosphoric 
acid  are  needed  on  the  muck  soils  and  it  is  a  common  practice  to 
use  commercial  fertilizers  having  a  high  content  of  these  constituents. 
A  visit  to  a  prosperous  onion  section  and  discussion  with  the  growers 
as  to  fertilizer  problems  would  be  of  great  assistance  to  the  beginner. 

Propagation. —  Onions  are  propagated  in  three  ways,  firat  by 
seed,  second  by  segregation  of  bulb  into  small  bulblets,  and  third 
by  the  production  of  small  bulblets  at  the  top  of  the  blossom  stalk 
instead  of  flowers  and  seeds.  Commercial  onion  culture  is  almost 
altogether  dependent  upon  the  first  division,  that  of  seed  production. 

Onion  sets. —  Sets  are  little  onions  produced  for  the  purpose  of 
planting  out  again  the  following  season,  thereby  promoting  early 
ripening  and  securing  of  high  prices.  Ordinary  commercial  varieties 
are  grown  for  this  purpose.  The  production  of  sets  has  become 
a  regular  business  in  certain  sections  of  the  country,  so  great  is  the 
demand  for  this  form  of  seed.  The  method  of  growing  consists  in 
the  sowing  of  a  tremendous  excess  of  seed  thus  forcing  the  bulbs 
to  remain  small.  The  rows  are  placed  about  a  foot  apart  and  from 
75  to  100  pounds  of  seed  used  per  acre.  Size  of  set  is  very  important, 
those  too  large  running  directly  to  seed  and  those  too  small  making 
inferior  bulbs.  Proper  diameter  should  be  between  one-half  and 
one-third  inch.  The  growing  of  onions  from  sets  is  adapted  to 
home  and  small  market  gardens.  The  labor  cost  of  setting  is 
tremendous. 

Seed.—  Onions  are  commonly  grown  from  seed  sown  directly  in 
the  field.  The  seed  itself  is  produced  from  full  sized  bulbs  which 
have  been  carefully  stored  during  the  winter  and  set  out  again  the 
following  spring.    The  growing  of  seed  is  an  industry  in  itself  and 
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is  generally  in  the  hands  of  specialists.  Onion  seed  as  offered  upon 
the  market  is  often  low  in  vitality  and  of  doubtful  varietal  purity, 
hence  the  prospective  grower  should  purchase  only  from  reputable 
seed  producers.  Strains  of  standard  varieties  have  been  selected 
which  yield  a  very  high  percentage  of  good  shaped  bulbs.  It  would 
be  well  for  the  grower  to  make  tests  of  strains  one  year  ahead  of 
extensive  field  planting?. 

Treatment  of  seed. —  One  of  the  serious  fungus  troubles  of  onion, 
namely  smut,  may  be  largely  controlled  by  proper  treatment  of 
the  seed.  Iinmersion  of  the  seed  for  twenty  minutes  in  a  solution 
consisting  of  one  ounce  of  formalin  to  one  gallon  of  water  is  recom- 
mended. The  difficulty  of  this  method  is  in  the  proper  drying  of 
the  seed  afterward  so  that  it  may  easily  pass  through  the  seeder. 
Certain  seed  drills  are  equipped  with  a  formalin  tank  thus  affording 
a  means  of  wetting  the  seed  as  it  leaves  the  hopper  and  avoiding 
all  the  trouble  of  drying.  Another  effective  and  common  treatment 
for  smut  is  that  of  sowing  with  the  seed  a  mixture  of  sulphur  and 
slaked  lime.  The  proportion  generally  used  is  that  of  100  pounds 
of  sulphur  to  50  pounds  of  Ume.  An  ordinary  fertilizer  attachment 
to  the  seeder  is  used  for  distributing  the  fungicidal  mixture.  These 
preventive  methods  are  successfully  practiced  by  many  onion 
growers. 

PlarUing. —  Onion  seed  should  be  sown  as  early  in  the  spring  as 
the  ground  may  be  properly  prepared.  The  seed  is  sown  witii 
hand  drills  and  in  rows  about  one  foot  apart.  From  three  to  six 
pounds  of  seed  are  required  per  acre  depending  on  the  viability 
of  the  seed  and  whether  thinning  is  or  is  not  to  be  practiced.  There 
are  gang  seed  drills  on  the  market  which  sow  sev  ral  rows  at  once, 
but  the  single  row  drill  is  in  more  common  use.  The  drill  sows  and 
covers  the  seed  at  one  operation.  The  rows  should  be  made  as 
straight  and  as  evenly  spaced  as  possible  both  for  the  sake  of  appear- 
ance and  for  enabling  easy  passage  of  the  wheel  hoes. 

CvUivatian. —  Tilk^  is  the  keystone  of  success  in  the  onion 
industry  and  at  the  same  time  is  the  most  expensive  operation 
connected  therewith.  The  wheel  hoe  should  be  brought  into  action 
shortly  after  the  seedlings  appear  and  the  blades  set  so  as  to  come 
as  near  as  possible  to  the  young  plants.  A  two-wheeled  hoe  is 
generally  used  early  in  the  season  and  later,  when  the  plants  are  well 
established,  the  single-wheeled  type  is  found  more  satisfactory. 
Weeds  will  appear  between  the  plants  and  necessitate  two  or  more 
hand  weedings,  an  operation  which  is  both  laborious  and  costly 
but  of  absolute  necessity.  Wire-toothed  weeders  are  offered  which 
are  built  to  remove  the  weeds  between  plants.  Their  value,  if 
capable  of  doing  this  work,  would  be  incalculable  to  the  onion  grower 
but  as  yet  have  not  had  sufficient  trial  to  warrant  their  reconmiend- 
ation.  The  scuffle  or  push  hoe  is  used  for  removing  weeds  among 
the  rows  of  nearly  matured  crops.    Onions  should  be  tilled  frequency 
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during  the  first  few  months  of  theu*  growth,  sufficient  at  least  to 
keep  the  soil  loose  and  friable  about  the  plants. 

Thinning. —  Onions  are  thinned  at  the  first  or  second  weeding, 
when  the  seedhngs  are  small  and  have  not  begtm  to  crowd  one  another. 
In  thinning,  the  poorer  plants  are  removed  and  a  space  left  between 
those  remaining  which  results  in  a  large  percentage  of  smooth  bulbs 
of  first  grade.  Thinning  is  an  expensive  operation  and  most  growers 
do  away  with  the  task  by  planting  less  seed  per  acre  and  thus 
securing  a  lighter  stand. 

Disease  and  insect  trovbles, —  Onion  mildew  or  bUght  is  a  serious 
malady  of  the  onion,  occurring  during  the  hot,  muggy  weather  of 
midsununer  and  spreading  wit£  great  rapidity.  The  manifestation 
is  a  downy,  violet  mass  of  spores  which  develops  into  a  serious 
bunting  or  withering  of  the  leaves.  To  prevent  this  disease  spray 
witii  5-^-^  bordeaux  mixture,  to  every  50  gallons  of  which  has 
been  added  one  gallon  of  resin-sal  soda  sticker.  Treatment  should 
b^;in  when  the  plants  show  three  leaves  and  be  repeated  every 
ten  days  until  crop  is  harvested.  It  is  practically  useless  to  b^in 
spraying  after  the  disease  gains  a  foothold. 

The  onion  maggot,  larva  of  the  imported  onion  fly,  is  a  serious 
pest  in  some  locations.  Crop  rotation  has  been  advised  as  a  means 
of  control.  Dr.  Severin  of  Marietta  College,  Ohio,  is  experimenting 
with  poisoned  sweet  baits  as  a  remedy  for  this  insect  and  his  work 
to  date,  though  incomplete,  offers  promise  of  success. 

The  onion  thrip  is  a  minute  sucking  insect  which  attacks  the 
leaves  causing  them  to  turn  gray,  gradually  wither  and  die.  This 
is  a  very  serious  pest  where  present  in  onion  fields  and  may  be  best 
controlled  with  applications  of  dilutions  of  '^  Black  Leaf  40  "  or 
other  similar  tobacco  extracts. 

Cut  worms  are  often  destructive  to  young  onions  and  if  abundant 
should  be  combatted  with  poisoned  bran  mash  made  in  the  following 
proportion.  One  pound  of  paris  green  mixed  thoroughly  in  35 
pounds  of  bran  and  the  whole  mixture  moistened  with  molasses 
water.  This  material  should  then  be  thinly  scattered  among  those 
rows  which  are  seriously  attacked. 

Scallions  or  "  bull  necks "  are  those  plants  which  do  not  ripen 
properly  in  the  fall  but  maintain  a  rank  growth  after  the  normal 
bulbs  have  conunenced  drying.  This  condition  of  growth  may  be 
due  to  several  factors  —  poor  quality  seed,  excessive  late  summer 
rains,  spring  applications  of  fresh  manure  or  late  sowings  of  com- 
mercial fertilizers.  All  these  factors,  with  the  exception  of  the 
moisture,  may  be  averted  by  proper  attention  to  details. 

Harvesting. —  In  order  to  secure  good  keeping  bulbs  the  onions 
should  be  allowed  to  ripen  thoroughly  in  the  field.  In  favorable 
seasons  the  onion  will  thoroughly  mature  and  the  tops  fall  naturally 
to  the  ground,  in  which  stage  the  bulbs  are  ready  for  the  harvest. 
There  are,  however,  years  in  which  growth  continues  later  than  is 
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desirable  and  at  such  time  the  grower  may  hasten  the  maturity 
of  his  crop  by  rolling  a  light  barrel  or  roller  back  and  forth  over 
the  field.  This  operation  tends  to  stop  growth  and  encourage 
ripening.  The  onions  are  commonly  pulled  by  hand  and  at  the 
same  time  thrown  into  windrows  a  few  feet  apart.  The  plants  are 
allowed  to  lie  in  these  rows  for  a  few  days  to  encourage  further 
dr3ring.  In  case  of  rains  the  rows  should  be  worked  over  with  a 
wooden  rake.  Topping,  the  cutting  away  of  the  leaves  to  within 
an  inch  of  the  bulb,  is  generally  done  in  the  field  and  with  the  aid 
of  sheep  shears.  Topping  machines  are  in  use  but  have  not  yet 
reached  a  perfected  state.  After  topping,  the  bulbs  are  shovded 
with  potato  scoops  into  slat  crates  which  are  then  piled  into  narrow 
tiers  of  forty  or  fifty  each.  Boards  are  then  placed  over  the  top 
in  order  to  keep  out  rain.  Care  should  be  taken  to  keep  all  possible 
rubbish  out  of  the  crates,  thus  affording  best  possible  air  circulation 
among  the  bulbs.  Curing  sheds  are  in  use  in  certain  sections  of 
the  country  and  consist  simply  of  a  tight  roof  and  widely  venti- 
lated sides. 

Onions  should  be  graded  before  putting  them  upon  the  market. 
This  work  is  quickened  by  pouring  the  bulbs  upon  a  sorting  rack 
through  which  rubbish  may  drop  and  from  which  inferior  bulbs 
may  be  readily  singled  out  and  put  in  separate  receptacles. 

Storage. —  Tlie  first  principle  of  onion  storage  is  that  all  bulbs 
placed  in  the  house  should  be  sound,  well  ripened  and  dry.  The 
storage  of  an  onion  crop  is  a  task  of  no  small  magnitude  and 
growers  should  cooperate  in  the  erection  of  proper  buildings  for 
the  purpose.  Such  a  house  would  rapidly  pay  for  itself  in  that 
onions  usually  take  a  sharp  rise  in  value  after  the  first  rush  of  sales 
is  past.  The  onion  storage  house  of  C.  C.  Mowris  at  South  Lima, 
N.  Y.,  is  an  example  well  worthy  of  observation  and  study.  Onions 
are  commonly  stored  in  bushel  crates  and  space  left  between  tiers 
so  as  to  allow  best  possible  ventilation.  The  small  grower  should 
take  advantage  of  commercial  onion  storage  houses.  Onions  may 
be  stored  by  freezing  them  soHd  and  keeping  them  so  with  a  cover- 
ing of  dry  hay  or  straw.  This  operation,  though  possible,  is  not 
practicable  and  is  accompanied  with  a  great  risk  of  final  disaster. 

Types. —  There  are  a  great  many  types  of  onions  grown  in  the 
State  but  only  a  very  few  are  of  extended  use.  The  giant  forms  as 
Prizetaker,  Gibraltar  and  Ailsa  Craig  are  grown  to  a  limited  extent 
in  home  and  smaller  market  gardens.  These  varieties  should  be 
started  under  glass  and  transplanted  to  the  field  in  order  to  obtain 
good  market  size.  Their  growing  on  a  limited  scale  is  a  profitable 
enterprise. 

Potato  and  top  onions  are  used  in  the  growing  of  bunch  onions 
for  early  spring  market  and  to  a  limited  extent  are  also  used  in 
growing  fuU  si^  bulbs.  The  potato  onion  bulblets  may  be  sown 
about  file  first  of  October,    The  bed  should  be  covered  with  strawy 


manure  at  the  approach  of  hard  freezing  weather.  Growth  starts  in 
very  early  spring  and  shortly  after  the  mulch  is  removed,  the  plaits 
will  att^  market  aise.  Seta  of  common  varieties  are  alao  used 
for  producing  bunch  onions  and  should  be  sown  very  early  in  the 
spring  when  grown  for  this  purpose. 

The  varieties  of  onions  used  in  commercial  fidd  culture  are  few 
in  number  aud  standard  in  quahty.  Some  of  the  more  important 
are  as  follows: 


in  shA]>e.  Texture  firm  md  solid.  Elftvor  ezoetleat.  A  most  valiuble  shipinng 
Mid  market  sort. 

WethersBeld. —  Pnrplieh-rad  in  oolor.  Bh*pe  roundiih-oblate-  8ii«  large  to  ytrj 
iaigB.  Fleoh  firm,  aolid  and  purpli«h-irtute  in  oolor.  Quality  vary  good.  A  vahuble 
red  varisty. 

Southport  Yellow,  White,  and  Red  Qlobe,  —  Three  varietia  extenmrdy  pown 
in  variouB  aectioiw  of  the  Dorthem  onion  belt.  The  irhite  varied  ahoold  be  srown 
onTy  in  sections  when  a  white  bulb  ia  dcnrad  and  iriura  ooDditM»B  are  favocd^ 
to  it«  culture. 


RHUBAEB  CULTURE.^ 

C.  C.  CABSTBNB. 

CUtnate  and  soil. —  Rhubarb  is  naturally  a  cold-weather  plant  and 
is  exptt^ted  to  make  a  luxuriant  growth  of  leaves  with  thickened  leaf- 
stsJks  early  in  the  spring,  consequently  it  must  feed  in  a  quick- 
responding  soil.  Locations  where  snow  and  ice  are  liable  to  linger 
during  the  spring  should  be  avoided.  A  site  on  early  groimd,  with 
a  southern  exposure  and  a  slight  slope  for  drainage,  is  desirable. 
A  rich  soil,  mellow  to  a  considerable  depth,  is  of  great  importance 
for  a  good  commercial  plantation.  The  site  should  be  well  drained, 
but  the  soil  rich  in  humus  and  of  a  retentive  nature,  so  as  to  retain 
the  large  amount  of  moisture  required  by  the  rapid-growing  stalks. 

Preparation  of  soil, —  The  soil  should  be  well  prepared  before 
starting  the  plantation,  especially  if  not  thoroughly  mellow,  by 
growing  a  crop  like  potatoes  on  the  site  for  a  season,  with  liberal 
amounts  of  stable  manure  to  supply  humus  and  enrich  the  soil. 
The  soil  can  hardly  be  made  too  rich.  Deep  stirring  of  the  soil 
before  planting  is  essential  —  the  deeper,  the  better.  Sites  infested 
with  quack  grass  should  be  avoided  or  thoroughly  cleared  of  this 
bothersome  weed  before  setting  rhubarb. 

Propagation, —  Rhubarb  propagates  by  root  divisions  or  by  seed. 

The  root  method  is  considered  by  some  to  be  an  expensive  one, 
but  is  highly  desirable  in  order  to  secure  imiformity  of  the  product. 
Where  the  grower  already  has  a  number  of  healthy  plants  growing 
on  his  place  he  may  dig  them  up  and  separate  the  root  clumps  which 
have  formed  at  the  base  of  the  plants  and  start  the  new  plantation 
from  these  without  great  expense.  In  dividing  the  roots  care  should 
be  taken  to  obtain  a  piece  of  the  crown  on  each  division  of  the  root 
clump.  Strong,  healthy  and  vigorous  roots  should  be  selected  for 
planting  and  poor,  half-developed  roots  should  be  discarded,  in  order 
to  give  the  plantation  a  good  start  imder  favorable  conditions. 

^me  growers  prefer  to  propagate  from  seeds  because  these  may 
be  obtained  so  much  cheaper  than  roots.  But  rhubarb  plants 
grown  from  seed  require  one  year  longer  to  come  to  maturity  than 
those  grown  from  roots;  that  is,  it  will  require  three  years  from  the 
time  of  sowing  for  the  plants  to  become  firmly  established  in  the 
ground.  The  first  harvesting  of  leaf-stalks  will  thus  be  delayed 
until  the  spring  of  the  fourth  year.  Also,  rhubarb  does  not  alwa3rs 
come  true  to  type  from  seed,  only  about  15  per  ct.  of  seedlings 
usually  being  true  to  the  variety,  and  therefore  more  or  less  varia- 
tion among  the  plants,  as  to  size  of  stalk,  etc.,  may  be  expected. 

*  A  reprint  of  Circular  No.  38,  March  20,  1915. 
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This  irr^;ularity  can  be  only  partly  avoided  by  selecting  the  plants 
having  the  most  uniform  characteristics.  The  seeds  are  sown  early 
in  the  spring  and  are  usually  drilled  in  rows  about  18  to  36  inches 
apart  and  about  1  inch  deep.  About  one-half  ounce  of  seed  should 
be  used  for  100  feet  of  drill.  The  young  plants  should  be  thinned 
to  about  8  or  10  inches  apart  in  the  row.  Tlie  year  following  the 
seeding,  when  the  plants  are  one  year  old,  they  are  ready  to  be  set 
in  permanent  positions. 

Planting. —  When  the  site  of  the  plantation  has  been  thorou^y 
worked  and  the  ground  is  mellowed  to  a  good  depth  it  is  ready  for 
planting.  This  is  usually  done  in  the  spring  although  successful 
results  may  be  obtained  from  fall  setting.  A  heavy  application  of 
manure  at  the  time  of  planting  is  desirable.  This  may  be  placed 
directly  on  the  hill  but  it  is  best  to  mix  it  with  soil  when  it  is  put 
near  the  roots.  The  roots  should  be  set  deeply  if  they  are  to  remain 
as  a  permanent  plantation  so  that  the  crowns  may  be  covered  with 
from  2  inches  to  3  inches  of  soil.  The  distance  for  planting  varies 
somewhat  with  the  variety  since  some  varieties  grow  larger  than 
others.  Where  cultivation  is  to  be  only  in  one  direction  the  rows 
may  be  from  4  to  6  feet  apart  with  the  plants  3  feet  apart  in  the 
rows.  When  planted  4  feet  apart  in  the  rows  with  the  rows  4  to 
6  feet  apart  the  plantation  can  be  cultivated  both  ways. 

CvUivation  andfertilizaiion. —  Rhubarb  seedlings  and  young  plants 
should  be  given  good  surface  cultivation  throughout  the  season, 
chiefly  to  prevent  the  growth  of  weeds  and  to  keep  the  surface 
mellow.  It  should  not  be  deep  enough  to  injure  the  roots.  ISvery 
fall  a  heavy  coating  of  well-rotted  stable  manure  should  be  applied. 
This  free  use  of  manure  should  not  be*neglected,  for  therein  lies  one 
of  the  secrets  of  success  in  rhubarb  culture.  Commercial  fertilisers 
will  not  take  the  place  of  stable  nanure.  In  the  spring  the  manure  is 
forked  away  from  the  plants  and  a  thorough  cultivation  given  the 
land,  turning  the  manure  under.  Some  growers  have  found  it  profit- 
able to  use  nitrate  of  soda  in  addition  to  stable  manure,  scattenng  it, 
in  the  spring,  on  either  side  of  the  row  at  the  rate  of  about  100  pounds 
to  the  acre.  After  turning  under  the  manure  cultivation  is  with- 
held, in  the  case  of  a  mature  plantation,  untU  the  harvestiog  time 
is  over  to  avoid  injuring  the  crop.  Cultivation  is  resumed  as  soon 
as  the  stalks  are  harvested,  to  mellow  the  soil  and  keep  out  weeds. 

Renewal, —  If  after  four  or  five  seasons  tiie  plants  appear  to  be 
running  down,  it  is  generally  an  indication  of  too  great  root  growth; 
and  the  root  clumps  should  be  divided.  These  may  be  dug  up  in 
the  fall;  or  some  of  the  roots  chopped  off  by  spacUng  around  the 
plants.  The  surplus  roots  cut  off,  if  a  portion  of  the  crown  be  left 
on,  may  often  be  sold  profitably.  Some  growers  simply  plow  up 
close  to  the  plants  in  the  fall  and  thus  cut  off  some  of  the  roots 
from  the  clumps.  This  need  be  done  only  once  in  every  four  or 
five  years  when  the  plants  seem  to  require  it. 
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Harvesting  (he  crop, —  In  roatH9et  plantations  the  plants  should  be 
in  a  sufficiently  vigorous  condition  in  the  spring  of  the  third  year 
to  permit  harvesting  a  light  crop.  Only  the  liurgest,  full-grown 
leaves  should  be  taken  —  generally  the  outer  leaves  of  the  plant. 
AU  of  the  younger  leaves,  which  are  usually  toward  the  center,  ^ould 
be  left  to  maintain  the  plant  through  the  summer;  and  at  no  time 
should  anywhere  near  all  of  the  leaves  be  r^noved.  In  picking, 
pull  strai^t  upward  and  at  the  same  time  apply  a  slight  sidewise 
twist  to  the  stalk,  which  should  separate  readily  from  tiie  crown 
without  breaking  and  without  injuring  the  plant.  Tlie  stalks  may 
be  dropped  in  email  orderly  piles  on  the  groimd,  and  later  gathered 
up  in  baskets  or  in  carts  and  taken  to  a  convenient  pla<^  to  be  pre- 
pared for  market.  Flower  or  seed  stalks  should  be  cut  out  as  fast 
as  they  appear. 

Preparing  for  market. —  If  the  rhubarb  is  intended  for  market 
the  dirt  on  the  stalks  should  be  washed  off  or  removed  with  brushes. 
The  leaf  blade  should  always  be  cut  off,  for  unless  tUs  be  done  the 
stalks  wilt  more  rapidly  and  soon  lose  their  fr^  appearance.  The 
stalks  are  then  tied  in  bunches  of  from  2  to  5  stalks;  or,  for  local 
market,  3  or  4  to  the  bunch  with  the  bunches  tied  into  bundles  of 
a  dossen  bunches  each.  Ordinary  twine  or  raffia  is  used  for  tying. 
Tying  is  done  chieflyfor  convenience  inhandling  but  the  neat  appear- 
ance and  the  uniformity  of  the  bimches  add  to  the  sdling  vcdue  of 
the  product.  If  rhubarb  is  to  be  shipped  the  bundles  are  sometimes 
wrapped  in  paper  and  packed  in  crates  or  boxes  of  convenient  size 
for  hiemdling.  When  marketing  early  in  spring  it  is  advisable  to 
ship  by  rapid  and  safe  transportation  to  avoid  danger  of  freesing. 

Forcing. —  Forcing  of  rhubarb  has  become  quite  common  with 
inany  growers  and  various  means  are  employed  to  produce  a  winter 
or  early  spring  crop.  Wholesale  growers  usually  have  a  specially 
constructed  cellar  which  is  heated  by  a  stove  or  by  steam.  The 
space  under  greenhouse  benches  is  sometimes  used  to  good  advantage 
for  this  purpose,  l^he  process  of  forcing  is  simple,  as  heat  and 
moisture  are  the  two  requisites.  Rhubarb  does  not  require  light 
for  stalk  growth,  consequently  a  dark  cellar  or  Bhe(i  will  do  as 
well  as  a  sunny  greenhouse,  if  the  right  amount  of  heat  can  be 
supplied.  For  family  use  the  roots  may  be  planted  in  a  box  and 
placed  in  a  warm  cellar  or  attic.  On  a  larger  scale  one  may  use 
all  available  space  in  the  cellar  or  any  shed  which  can  be  heated 
with  a  stove.  Deep  earth  is  not  necessary  for  forcing  and  the  soil 
<^au  be  placed  on  the  floor.  Root  growth  is  very  slight  during  the 
forcing  process  and  the  soil  is  provided  chiefly  for  the  purpose  of 
supplying  moisture  to  the  roots. 

Necessity  of  good  roots. —  In  forcing,  practically  all  of  the  food 
^^^^  by  the  growing  stalks  comes  from  the  supply  already  stored  in 
the  roots  before  planting  in  the  forcing  bed.  For  this  reason,  good, 
1^^,  weU-fed  roots,  at  least  two  or  three  years  old  should  be  selected 


for  forcing.  Tbeae  may  be  taken  fitKD  the  froMn  ground  and  placed 
in  the  forcing  bed,  or  dug  in  the  fall  and  allowed  to  freeae  in  (^kh 
aheda  or  in  the  field  where  coatB  of  straw  or  leaves  are  put  over 
them  to  prevent  alternate  freesing  and  thawing.  Roots  do  not  need 
to  be  in  a  frosen  condition  vrhea  planted  in  the  forcing  bed,  but 
previous  &eeiing  is  neoeesary  for  the  producticm  of  good  yields. 

The  forcing  bed. —  The  roota  may  be  [Kicked  closely  together  m 
the  forcing  bed  and  the  soil  should  be  packed  imder  and  betweeo 
the  clumps  of  roots  so  that  the  crowns  are  about  level  with  the  sur- 
face. Growth  will  b^in  as  soon  as  the  proper  conditions  of  heat 
and  moistrire  are  supplied.  The  temperature  may  range  frcnn  40° 
to  75'  but  the  rapidity  of  growth  of  the  stalks  ia  almost  directly 
proportitmal  to  the  heat  supplied.  Hence,  tiie  ripening  of  the  crop 
can  be  hastened  or  retarded,  to  a  consider^le  extent,  by  regulating 
the  temp^ature.  On  the  average  it  requires  about  five  weeks  to 
mature  a  crop  irom  the  time  of  planting  in  the  ftn-dng  bed.  The 
lower  temperatures  and  slower  growth  give  a  better  product  and 
greater  yi^da,  50°  to  60°  being  most  graiendly  recommended. 

The  effect  of  forcing  on  the  roots. —  Forcing  is  naturally  a  heavy 
drain  on  the  roots  and  if  they  are  to  be  used  at  all  for  resetting 
they  should  be  removed  from  the  forcing  bed  upon  the  first  signs 
of  slackening  in  growth.  If  given  proper  care  the  roots  will  r^ain 
their  vigor  in  Qie  plantation  in  two  or  three  seasons.  A  new 
supply  of  roots  should  be  used  for  forcing  the  next  season.  In  wd^ 
to  secure  a  succession  of  forced  rhubarb,  roots  must  be  brmi^t 
into  the  warm  cellar  at  intervals  of  three  to  four  weeks. 

Qwaiity  of  forced  rhvbarb.—  Rhubarb  forced  in  the  dark  has  a  veiy 
attractive  appearance,  the  stalks  being  a  bright  crimson  ccdor  -wiaie 
the  leaf  blades  never  fully  develop  in  sice  and  remain  a  bright  yellow. 
The  crop  is  harvested  and  handled  the  same  as  the  outdoor  crop 
except  that  in  iH«paring  for  market  the  lower  portion  of  the  blanched 
leaf  blade  is  left  on  the  stalk  as  an  attractive  feature.  The  quality 
of  forced  rhubarb  is  very  good,  the  stalks  being  very  tender  and  of 
a  flavor  slightly  less  tart  than  normal  growth.  Because  of  the  sim- 
plicity of  the  process  and  the  value  of  the  product  it  is  recommended 
that  forcing  rhubarb  be  given  more  attention. 

Tarittie*. — LlnnaeuB.—  The  atandvd  early  variety.  Stalfca  rather  amaU  but  of 
gocxl  bright  color.  Skill  thin  and  tender,  good  qu^ty.  A  profitable  land  for  tbe 
eariiest  markets  but  too  small  to  compete  with  the  larger  rvieties  lata  in  the  aeaaon. 

Victoria. —  The  standanl  midaeeaon  variety.  About  a  weak  later  than  TJtin— 
BtallES  large,  bright  dear  red,  crisp,  tendier,  juicy  and  fine  Savorad.  Good  for  mai^et 
or  home  use  and  a  favorite  with  oannen. 

Mumnotli  Red.—  A  later  variety  and  a  rank  grower.  Stalks  nutneroua,  ahort, 
thick,  deep  red.  Not  as  fine  in  texture  or  flavor  as  the  amaller  aorte  but  aUractJve 
in  appearaaoe  and  a  good  yieldv.     Prrferred  by  many  growen  fw  fdrcinc. 


HOT  AND  COLD  FRAMES.* 

J.  W.  WELLINGTON. " 

Origin. —  Undoubtedly  the  use  of  glass  as  a  factor  in  v^etable 
production  had  its  banning  in  a  desire  to  protect  young  plants 
from  late  spring  frosts.  Probably  at  first  the  frames  were  crudely 
made  and  covered  with  ordinary  house  windows.  From  such  an 
humble  start  has  been  evolved  the  elaborate  greenhouse;  neverthe- 
less the  simple  frame  in  its  perfected  state  has  a  permanent  place 
in  the  vegetable  industry. 

Hot  bed  and  cold  frame, —  These  terms  are  often  used  together  to 
the  confusion  of  the  beginner.  The  only  essential  difference,  how- 
ever, is  that  one  is  provided  with  heating  material  beneath  the  soil 
in  the  shape  of  fermenting  horse  manure  or  wanned  pipes  while  the 
other  has  only  the  natur^  heat  of  the  sun.  Cold  frames  are  often 
built  of  lighter  material  and  with  less  care,  in  that  their  function  is 
generally  tiiat  of  protecting,  and  not  starting,  young  plants.  Hot  beds 
on  the  other  hand  are  built  for  the  purpose  of  conserving  heat  during 
the  cold  nights  of  early  spring  and  are  built  strongly  and  carefully. 

Location. —  In  planning  frames  for  vegetable  work,  the  builder 
should  select  as  sunny  an  exposure  as  possible,  bearing  in  nund, 
nevertheless,  proximity  to  buildings  and  to  water  supply.  Very 
often  the  south  side  of  a  building  may  be  used  advantageously,  thus 
affording  at  once  protection  and  proper  exposure.  Commercial 
growers  often  erect  a  tight  board  fence  six  to  eight  feet  high  to  shut 
out  the  cold  north  and  northwest  winds,  as  experience  has  proved 
the  necessity  and  value  of  such  protection.  The  fence  boards  are 
often  used  for  blanching  celery.  The  situation  selected  must  be  well 
drfdned  so  that  no  water  can  stand  about  the  frames.  The  char- 
acter of  the  soil  is  of  no  importance  in  that  earth  is  generally  supplied 
from  a  compost  heap  or  otiber  soiu*ces. 

Commercial  frames. —  Frames  are  offered  for  sale  by  certain  firms 
but  generally  at  a  price  which  renders  them  too  expensive  for  the 
ordinary  gardener. 

Home  construction. —  Frames  built  at  home  have  the  advantage  of 
being  built  solidly,  of  better  material  and  at  a  saving  in  initial  cost. 
Two-inch  plank  is  conunonly  used  as  material.  Since  the  sash  are 
sbc  by  three  feet  in  dimension  the  frame  should  be  built  with  an 
outside  width  of  six  feet  and  length  whatever  multiple  of  three  feet 
is  desired.  Frames  are  constructed  in  parallel  rows,  leaving  a  walk 
between.  With  this  plan,  less  protective  fence  is  needed  and  less 
pipe  and  hose  are  required  for  watering.  The  frame  may  be  built 
above  ground  and  then  lowered  two  or  three  inches  into  the  soil 

*  A  reprint  of  Circular  No.  35,  January  25,  1915. 
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or  may  be  constructed  in  the  excavation.  The  south  or  front  edge 
of  the  frame  should  be  four  to  six  inches  low^  than  the  north  or 
back,  which  variation  is  usually  accomplished  by  using  a  twdve- 
inch  plank  in  front  and  a  sixteen  or  eighteen  inch  plmk  in  rear. 
Although  single  planks  are  desirable,  two  narrow  ones  may  be  used, 
taking  care  to  make  as  close  a  joint  as  possible.  The  end  pieces 
must  be  sawed  diagonally  to  accord  with  the  front  and  back  plank. 
Upon  completion  the  frame  should  be  leveled  lengthwise  and  fastened 
firmly  to  posts.  In  long  beds  it  will  be  necessary  to  insert  cross 
braces  of  two-inch  joist  at  every  sixth  or  ninth  foot.  The  slant 
provided  by  the  difference  in  height  of  front  and  back  edges  carries 
away  water  and  also  places  the  glass  at  a  more  favorable  an^e  to 
the  sun's  rays.  At  the  time  the  growing  plants  reach  the  i^ass,  a 
superstructure  of  inch  material  may  be  provided  for  raising  the  sash 
to  the  derired  height. 

Frames  are  sometimes  constructed  of  brick  or  concrete,  but  altihou^ 
of  greater  durability  are  not  equal  to  wooden  frames  in  plant  pro- 
duction in  that  they  are  often  too  damp  and  cold. 

Sash. —  The  windows  used  for  covering  frames  are  commonly 
known  as  sash  or  glass.  They  are  built  expressly  for  gund^i  pur- 
poses and  are  usually  built  with  extra  workmanship  and  of  extra 
good  material.  Cypress  lumber  is  quite  generally  used  because  of 
its  greater  durability.  Exposure  in  a  horizontal  position  to  all  sorts 
of  weather,  together  with  the  strain  of  constant  handling,  soon  ruins 
cheap  and  inferior  sash.  The  prospective  purchaser  should  reduce 
the  number  rather  than  the  quality  of  his  windows.  Sash  may  be 
obtained  with  or  without  glass;  in  the  second  case  less  dang^  is 
incurred  in  transit.  The  price  of  glass  is  fluctuating  and  hence  the 
grower  should  watch  the  market  carefully.  The  large  buyer  may 
better  deal  with  the  manufacturer,  the  purchase  of  one  or  two  sash 
with  his  local  hardware  dealer. 

Protection, —  Straw  mats  or  other  covering  must  be  provided  for 
protecting  the  beds  from  the  cold  nights  and  inclement  weather  of 
early  spring.  Rye  is  the  best  mat  material  on  account  of  greater 
length  and  flexibility  of  stalk.  These  mats  are  a  common  artide  ^ 
trade  and  may  be  purchased  from  most  seed  houses.  Many  gar- 
deners weave  their  own,  dther  growing  the  rye  or  purchasing  it 
from  some  one  who  has  grown  it  for  the  special  purpose  in  that  the 
crop  should  be  cut  while  yet  green  and  cured  with  particular  care. 
Mats  are  generally  six  by  six  feet  in  dimension,  suflScient  sise  to 
cover  two  sash.  Their  endurance  is  limited  to  a  few  seasons  and 
care  should  be  taken  to  handle  carefully,  storing  them  in  a  dry 
place  in  idle  season. 

For  very  early  crops  it  is  often  advisable  to  have  wood^i  shutters 
of  dimension  six  by  three  feet  to  lay  ov^  the  mats.  Snow  and  ice 
are  thereby  more  easily  removed  and  the  lifetime  of  the  mat  pro- 
longed,   l^e  shutters  assist  in  keeping  the  beds  warm. 
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Winter  care. —  Frames  should  be  built  in  the  fall  before  ground 
freezes.  The  soil  should  be  dug  out  from  within  the  frame  to  a  depth  of 
two  feet  or  more\  being  careful  to  cut  the  sides  as  squarely  as  possible. 
The  empty  pit  thus  formed  may  be  filled  with  leaves  or  strawy  waste 
and  the  wooden  shutters  laid  over  and  nailed  lightly  so  as  to  prevent 
their  blowing  away.  This  late  fall  care  will  save  a  lot  of  hanl  labor 
iQ  the  spring  in  digging  out  frosen  earth.  During  the  winter  the 
sash  should  be  overhauled,  broken  glass  replaced  and  a  coat  of  good 
paint  applied  when  needed. 

Manures. —  Manure  is  tiie  life  of  the  hot  bed  and  the  prq>aration 
thereof  is  a  matter  of  great  importance.  Many  f^ures  may  be 
traced  to  this  point.  Horse  manure  composed  of  part  litter  is  best, 
such  as  may  be  obtained  from  private  stables  where  the  horses  are 
well  fed  and  where  care  is  exercised  in  shaking  out  the  bedding. 
Work  should  begin  at  least  a  fortnight  ahead  of  actually  making  the 
bed.  The  manure  should  be  piled  in  a  compact  heap  in  a  cellar 
or  shed  and  if  very  dry  should  be  watered  slightly  but  not  drenched. 
After  heating  begins  in  earnest  the  pile  should  be  reworked,  endeavor- 
ing to  break  up  lumps  and  to  make  a  uniform  mixture.  The  manure 
should  be  put  into  the  pit  as  soon  as  the  pile  is  in  a  steaming  condi- 
tion. It  should  be  forked  in  and  carefully  treaded  or  pounded,  es- 
pecially in  comers  of  the  frame.  The  pit  should  be  filled  in  this 
manner  level  with  the  groimd  surface.  The  beginner  may  feel  as 
though  he  is  using  too  much  manure  but  poor  preparation  will  result 
in  poor  results.    The  frame  may  be  banked  to  retain  heat. 

A  hotbed  may  be  made  all  above  ground  by  placing  a  frame  upon 
a  compact  leveled  pile  of  manure.  A  bed  of  this  sort,  however,  is 
not  adapted  to  our  cold  spring  days. 

Soil. —  The  soil  may  be  put  in  the  bed  directly  after  manuring,  but 
no  seed  should  be  sown  or  plants  set  until  alter  the  manure  has 
heated  once  and  cooled  to  such  a  degree  that  the  soil  is  warm  but  not 
hot  to  the  hand.  This  point  may  be  better  determined  by  a  ther- 
mometer thrust  in  the  soil,  which  should  register  about  90^.  Two  or 
more  days  may  pass  before  conditions  warrant  planting.  The  soil  for 
sowing  seed  should  be  quite  sandy  and  new  soil  or  sterilized  soil  will 
insure  better  results.  Soil  for  setting  little  plants  should  be  from  a 
compost  heap  or  from  a  fertile  source.  Four  inches  of  earth  will 
suffice  for  seeding,  thus  leaving  six  to  eight  inches  between  soil  and 
glass.  Care  should  be  used  not  to  put  on  too  much  soil  lest  the  heat 
may  not  be  able  to  rise  rapidly  enough  to  the  surface. 

Planting. —  Vegetable  seed  may  1^  broadcasted  or  sown  in  close 
rows  and  covered  by  sifting  on  a  little  soil.  The  broadcasting 
method  is  more  rapid  and  with  moderate  sowings  is  as  good.  Seed- 
lings are  transplanted  while  yet  very  small,  and,  therrfore,  have  little 
opportunity  to  crowd  one  another.  These  little  plants  are  generally 
reset  when  the  first  true  leaf  appears  and  should  be  given  at  this 
time  plenty  of  q>aoe  to  develop  into  sturdy  individuals.    Certain 
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crops,  as  radish,  beet,  carrots,  are  not  moved  and  should  be  sown 
m  rows  the  full  distance  apart  and  thinned  in  the  row.  Papers  laid 
upon  the  soil  will  hasten  the  germination  of  seed  but  must  be  removed 
just  as  soon  as  the  plants  appear. 

Protection. —  The  grower  must  practice  every  care  to  conserve  the 
vital  heat  of  the  bed.  The  mats  should  not  be  ronoved  in  the 
morning  imtU  the  sun  is  well  up  and  should  be  replaced  as  soon  as 
the  ra3rs  have  lost  their  heating  powers.  On  exceptionally  stormy 
days  the  mats  may  be  left  on  all  day.  Nevertheless  the  grower 
should  give  the  plants  light  whenever  compatible  with  their  safety. 

Water. —  The  soil  in  which  the  seeds  are  sown  eliould  be  moist  but 
not  wet.  The  water  present  at  sowing  is  usudly  sufficient  to  raise 
the  plantlets  to  moving  age.  If  the  top  soil  becomes  dry  It  should 
be  watered  with  lukewarm  water.  A  watering  can  with  rosette  is 
ideal  for  a  few  sash.  A  water  system  should  be  installed  for  com- 
mercial gardens  so  that  a  hose  may  reach  any  part.  Benefit  will 
result  from  warming  the  water  to  about  6(f  but  this  is  not  always 
practicable.  Drenching  is  not  desbable  at  early  stages,  but  light, 
frequent  waterings.    A  bright  sunny  morning  is  a  favorable  time. 

Ventilation. —  Air  must  be  supplied  to  the  growing  plants  wh^i- 
ever  the  dav  is  warm  enough  to  allow  raising  the  sash.  This  dries 
out  the  beos  and  helps  to  control  disease  and  to  promote  sturdy 
growth.  In  early  spring  the  windows  may  be  raised  v^ry  slightly 
on  sunny  days — ^perhaps  for  an  hour  or  two  at  noon.  The  strength- 
ening sun  will  enable  the  grower  to  give  more  air  and  indeed  he  must 
watch  this  point  carefully  as  one  nc^ect  to  cool  the  beds  may  easily 
spell  ruin.  The  desideratum  is  to  give  the  plants  maximum  light 
but  not  allow  the  temperature  to  run  above  their  optimum  point  of 
welfare.  The  grower  will  soon  learn  to  ascertain  the  approximate 
welfare  point  by  placing  his  hand  within  the  frame.  By  proper  airing 
the  plants  may  be  kept  strong;  improper  ventilation  will  result  in 
long,  leggy,  weak  plants  of  questionable  value.  Windows  should  be 
raised  from  the  side  and  not  from  the  end  and  in  such  manner  that  the 
prevailing  wind  will  sweep  over  and  not  into  the  frames.  A  piece 
of  board  cut  with  notches  of  different  heights  is  very  serviceable  for 
raising  the  windows.  The  value  of  ventilation  dep^ids  on  the  grower ; 
the  sudden  changes  of  cloud  to  sunshine  and  drops  and  rises  in  tem- 
perature are  calls  for  personal  judgment  and  not  for  rule. 

Crops. — ^Lettuce,  radish,  parsley,  carrots,  beets  and  onions  are 
among  the  v^etables  which  may  be  raised  to  maturity  in  the  hot 
bed.  Tomato,  pepper,  egg-plant,  cuctunlx^,  melon,  celeiy,  cabbage 
and  many  other  plants  are  given  an  early  start  which  means  success. 
Dandelions,  spinach,  rhubarb,  asparagus  and  others  are  forced  for 
early  market  in  cold  frames. 


DAHLIAS  AND  THEIR  CULTURE.* 

F.  H.  HALL. 

About  a  century  and  a  quarter  ago,  a  little  Mexican  flower,  soon 
named  "  dahlia ",  was  first  introduced  to  the  gardeners  of  Europe. 
The  blossoms  then  consisted  merely  of  a  few  florsJ  rays  or  "  petals  ", — 
red,  yellow  or  purple  in  color  —  about  a  central  disk  of  rayless, 
yellow  florets.  The  flowers,  near  relatives  of  our  common  weed, 
the  beggars'  tick,  and  of  coreopsis  and  cosmos,  were  only  small 
to  medium  in  size;  but  their  li^tness  and  grace,  the  pmity  and 
brilliance  of  their  colors,  their  rapid  changes  under  cidtivation, 
and  the  freedom  of  bloom  of  the  plants  soon  won  them  popularity. 

From  this  "  single  "  type,  the  dahlia  has  since  passed  through  one 
of  the  most  wonderful  developments  known  in  floriculture,  well 
justifying  the  species  name  generaUy  given  to  it,  variabilis;  and, 
today,  it  probably  shows  a  greater  diversity  in  habit,  size,  form  and 
color,  and  is  represented  by  more  named  varieties  than  any  other 
species  (or  group  of  closely  allied  species)  known  to  the  florist. 
Among  the  multitude  of  flower-forms  we  have  almost  exact  dupli- 
cates of  cosmos,  daisy,  poinsettia,  clematis,  anemone,  zinnia,  aster, 
water  lily,  cactus,  chrysanthemum  and  peony,  with  many  other 
forms  peculiar  to  the  species  itself.  In  size  the  blossoms  range  from 
tiny  blooms  an  inch  or  less  in  diameter  to  huge  flowers  rivaling  the 
sunflower;  they  show  every  color,  tint  and  shade,  except  the  blues, 
known  among  flowers,  and  every  combination  of  these  by  suffusion 
or  variegation, —  in  brilliance  equalling  geranium  or  salvia,  in 
delicacy  approaching  roses  or  orchids,  in  range  from  a  maroon 
almost  reaching  black  to  a  white  as  pure  as  that  of  the  Easter  lily. 

One  fault,  indeed,  they  havet  They  are  practically  odorless; 
thou^  a  few  faintly  scented  varieties  have  arisen,  and  this  character- 
istic, like  others  non-existent  or  at  least  hidden  in  early  days  of 
dahlia  history,  can  probably  be  developed  or  intensified  should 
popular  favor  demand  it. 

Simple  in  cultural  demands,  adapted  to  a  wide  range  of  soils  and 
conditions,  with  plants  so  diverse  in  size  and  habit  that  one  can 
readily  be  found  appropriate  for  any  situation,  affording  a  wealth 
of  bloom  over  a  long  season,  suitable,  in  some  of  the  many  varieties, 
for  every  floral  purpose, —  for  garden  decoration,  for  bouquets  and 
florists'  work,  and  for  wonderfully  attractive  display  on  the 
exhibitors'  tables, —  the  dahlia  now  holds  high  rank  as  a  late  summer 
flower,  and  it  certainly  merits  equaQy  with  the  chrysanthemum  the 
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title  "  Queen  of  Autumn  Flowers;"  for  the  dahlia  is  as  beautiful  and 
as  useful  outdoors  before  frost  as  is  the  chrysanthemum  inside  a 
little  later. 

Yet  so  recent  is  the  development  of  the  dahlia  in  its  most  pleasing 
and  most  useful  forms,  that  many  flower  lovers,  particularly  in 
the  country,  where  the  dahlia  should  be  most  popular,  know  nothing 
of  the  modem  t3rpes.  To  such  persons  the  idea  conveyed  by  the 
name  dahlia  is  that  of  stiffness  and  formality  as  shown  by  the 
ball-shaped  blossoms  of  the  "  show  "  and  '*  fancy  "  types  once  so 
popular.  These  are  models  of  perfection  in  form,  of  synmietry  and 
regularity,  and  are  often  of  most  exquisite  coloring,  but  they  lack 
the  grace  and  artistic  appeal  that  help  to  make  flowers  so  attractive 
and  that  have  been  wonderfully  developed  in  the  newer  dahlias. 

What  a  sm-prise  it  is  to  many  a  flower  lover  to  see  for  the  first 
time  a  modem  collection  of  dahlias!  Its  English  singles,  its  pompons 
and  its  miniatiu'e  cactus  types  are  so  bright  and  yet  so  dainty;  its 
"Century"  singles  so  large  and  striking  but,  withal,  so  graceful; 
its  "  decoratives,"  ranging  from  tiny  to  huge,  are  so  perfect  in  form 
yet  loosely  built  and  pleasing;  its  "  cactus  "  dahlias  so  refined  and 
delicate  of  petal,  like  masses  of  interlaced,  slender,  curved  tubes  of 
ribbon  with  tints  almost  as  varied  and  delicate  as  those  of  changeable 
silk;  and  its  peony-flowered  types  so  artistic  in  the  informal,  open 
arrangement  of  their  long,  curled,  twisted  petals  and  so  gracefully 
held  on  long  stems  that  raise  them  far  above  the  bright  green  foliage. 

The  author  and  many  of  his  friends  and  other  visitors  to  the 
Station  have  been  so  pleased  with  these  "  new  "  dahlias  as  grown 
here  that  it  seems  a  duty  to  prepare  a  little  discussion  of  the  flowers 
and  the  method  of  caring  for  them,  with  a  selected  list  of  varieties; 
so  that  others  who  would  enjoy  the  beauties  of  a  good  dahlia  collec- 
tion may  be  guided  in  starting  or  extendmg  one. 

HISTORY  OP  THE  DAHLIA. 

The  dahlia,  as  "  Acocotli,"  was  known  to  Europeans  in  Mexico 
probably  two  centuries  before  the  plant  reached  Europe  in  17^; 
for  in  1615  Francisco  Hernandez  described  and  illustrated  two  forms 
of  the  flower  in  his  book  on  the  plants  and  animals  of  New  Spain. 
Other  Spaniards,  who  overran  and  conquered  the  country  in  the 
previous  century,  must  have  seen,  before  Hernandez'  time,  the 
bright  red,  purple  and  yellow  single  flowers  of  the  different  dosdy 
allied  species  we  group  in  the  genus  Dahlia;  for  these  flowers  were 
undoubtedly  abundant,  then  as  now,  in  their  native  habitat,  the 
Mexican  highlands  and  mountain  sides  5000  feet  or  more  above  the 
sea. 

After  Hernandez'  mention  of  the  flower  we  have  only  two  known 
references  to  it  in  the  century  and  three-quarters  before  it  reached 
Europe.  One  of  these  was  in  a  book  by  Vitalis  Mascardi,  published 
in  Rome  in  1657,  whose  description  was  based  on  that  of  Hemandes 
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and  whose  figures  are  unsatisfactory.  In  1787  Nicholas  Thierry 
de  Menonville,  a  French  botanist  who  had  been  sent  to  Mexico 
to  study  the  cochineal  insect,  reports  that  he  saw  the  AcocotU 
growing  in  a  garden  in  that  country, —  the  first  mention  of  the 
dahlia  as  a  cultivated  flower. 

In  1789  Vincentes  Cervantes,  director  of  the  Mexican  Botanic 
Garden,  sent  seeds  of  Acocotli  to  the  Abbe  Cavanilles,  director  of 
the  Royal  Gardens  at  Madrid;  and  the  Marchioness  of  Bute,  wife 
of  the  English  ambassador  to  Spain,  sent  a  few  of  the  seeds  to 
England.  Plants  from  these  seeds  lived  only  two  or  three  years  in 
England,  but  Abbe  Cavanilles  succeeded  better  with  his  seeds  and 
within  a  year  secured  not  only  single  but  semi-double  flowers  from 
plants  he  grew.  In  1791  he  published  a  figure  of  this  semi-double 
form  in  his  Iconea  et  Descriptiones  Plantarum,  naming  it  ''  Dahlia  " 
after  Mons.  Andr6  Dahl,  a  noted  Swedish  botanist,  and  "  piimata  " 
because  of  its  pinnate,  or  winged,  leaves.  He  later  named  two  other 
forms  D.  cocdnea  and  D.  rosea;  but  D.  pinncUa  was  probably  the 
ancestor  of  most  of  our  cultivated  dahlias,  though  some  other  wild 
species,  of  which  there  are  a  half-dozen  or  more  in  Mexico,  Guatemala 
and  elsewhere,  may  have  contributed  to  the  stock  or  have  been 
used  in  dahlia  breeding.  In  floricultural  literature,  however,  the 
name  Dahlia  variobilia  has  most  commonly  been  applied  to  the 
great  collection  of  named  varieties,  but  with  a  pronoimced  effort 
to  set  off  a  large  section  of  them,  recently  developed,  under  the 
specific  name  of  D,  Jiuirezii,  from  the  ancestor  of  this  type.  It  is 
not  definitely  known,  though,  whether  the  original  D,  Juarezii 
was  a  true  species  originating  in  the  wild,  or  a  strongly  marked 
cultural  variation.  Some  English  growers  claim  to  have  had,  and 
discarded,  similar  flowers  in  their  gardens. 

Cavanilles  sent  seed  of  his  three  varieties  to  various  botanical 
gardens  in  Europe, —  to  Berlin  and  Dresden  before  1800,  and  to  the 
Jardin  des  Plant^  at  Paris  and  to  Montpellier  about  1802.  In 
Germany,  dahlias  were  first  called  "  Georginen,"  after  Prof.  Georgi; 
and  the  ball-shaped  types  are  still  frequently  so  named.  About 
1799  Humboldt  and  Bonpland  the  famous  naturalists,  found  the 
dahlia  growing  wild  in  Mexico.  They  sent  plants  of  it  to  the  Botanic 
Garden  in  the  City  of  Mexico,  and  from  here  some  were  sent  in 
1804  to  the  Jardin  des  Plantes,  specimens  being  there  found  indentical 
with  D.  cocdnea  received  from  Cavanilles. 

The  first  English  publication  to  mention  the  dahlia  is  the  Botanical 
Magazine,  which,  in  1804  gave  a  colored  plate  of  D.  cocdnea,  from 
plants  raised  by  John  Eraser  of  London.  He  had  obtained  the  seeds 
from  Paris  two  years  before.  In  1804  another  lot  of  seeds  reached 
England  from  Madrid,  Lady  Holland  sending  them  to  the  librarian 
at  Holland  House,  Kensington,  and  he  grew  successfully  three 
varieties.  Dahlias  spread  to  other  English  gardens  and  here,  as  in 
Germany  and  France,  the  growers  sought  for  double  flowers  and  soon 
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secured  them.  The  earliest  ones  to  attract  general  attention  were 
produced  by  Herr  Hartig  at  Karlsruhe  and  by  Herr  Haage  at  Leip- 
zig, Germany,  by  M.  Donkelaar  at  Louvain,  Belgium,  and  M. 
LeUeur  and  Comte  de  Vandes  of  France.  One  of  these  double 
flowers  sent  to  England  by  Comte  de  Vandes  was  illustrated  in  the 
Botanical  Magazine  for  1817,  and  shows  a  fully  doubled,  rose- 
colored  blossom  of  flat  shape. 

In  England  this  early  flat,  hemi-spherical  flower,  similar  to  our 
older  decoratives,  became  wonderfully  popular,  but  the  type  changed 
about  1840  to  the  more  solid,  ball-shaped  blossoms  of  the  show  and 
fancy  tyx>es.  From  1820  to  1860  dahlia  enthusiasm  m  England 
almost  approached  that  of  the  earlier  "  tuHp  craze  "  of  HoUand; 
gardeners  and  amateur  growers  contested  with  thousands  of  blossoms 
in  the  many  shows;  and  as  high  as  £200  ($1000)  was  pidd  for  promis- 
ing novelties.  The  large,  ball-shaped  types  reached  perfection  in 
many  colors  during  the  latter  half  of  the  period,  as  shown  by  good 
illustrations,  notably  those  in  Hogg's  "  The  Dahlia  "  (1853).  The 
flatter  flowers  of  the  previous  score  of  years,  however,  were  not  to 
be  compared  in  size  or  delicacy  of  color  to  the  decoratives  that  came 
into  renewed  popularity  about  1870,  as  the  latter  are  inferior  to 
those  that  French  and  a  few  American  breeders  are  giving  the  dahlia 
world  today. 

During  the  latter  part  of  the  "  show ''  dahlia  period  the  small- 
flowered  types  of  these  quilled-petaled  blossoms  came  to  the  front, 
originating  probably  in  Germany,  as  Hartwig's  double,  of  about  1806 
was  imdoubtedly  of  small  size.  As  "  bouquet,"  "  liUiputian  *'  and 
^'  pompon  "  dahlias,  these  brilliant,  small  blossoms,  borne  so  freely 
on  long  stems,  superseded  the  heavier  flowers  in  popular  favor  for 
a  time,  but  the  stiffness  and  formahty  of  all  these  forms  failed  to 
hold  the  interest  of  flower-lovers  generally,  and  for  the  decade  from 
1860  to  1870  the  dahlia  rapidly  lost  popularity  in  England. 

A  brief  revival  came  with  the  advent  of  two  new  singles  and  the 
reintroduction  of  the  old  D.  cocdneay  all  brilliant  and  graceful 
blossoms;  and  for  a  few  years  the  gardens  and  shows  were  gay  ^th 
these  attractive,  strikingly  colored  single  flowers. 

But  the  great  advance  in  dahlia  popularity,  so  far  as  the  general 
public  is  concerned,  came  with  the  introducticm  from  Mexico  of 
what  we  now  know  as  D.  JuareziL  Among  a  miscellaneous  lot  of 
seeds,  roots  and  tubers  sent  in  1872  by  a  friend  in  Mexico  to  M.  J.  T. 
Van  der  Berg  of  Holland,  and  received  in  bad  condition  because  so 
long  on  the  way,  was  one  tuber  which  later  produced  a  brilliant 
scarlet  flower,  of  a  shape  hitherto  unknown.  It  was  a  double  flower, 
but  open  and  light  in  build  and  with  petals  pointed  and  slightly 
rolled  back  at  the  margins.  This  was  given  standing  as  a  botanical 
species  and  named  in  honor  of  President  Juarez  of  Mexico;  but  from 
similarity  in  color,  and  some  resemblance  in  lorm  of  this  first  flower 
to  the  ''Showy  Cactus'' {Cereua specioMsimua),  the  widefy  variant 
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deaoendants  of  this  new  Mexican  introduction  have  all  been  called 
''  cactus  dahlias."  The  elegance  of  form,  diversity  of  type  and  size 
and  the  wonderfully  delicate  cdors,  shades  and  tints  of  these  cactus 
dahlias  gave  a  new  impulse  to  dahUa  culture.  In  forty  years  since 
the  first  plant  of  the  type  appeared  in  Holland,  two  thousand  or  more 
named  varieties  showing  its  influence  have  been  described,  and  scores 
of  growers  in  Ei^and,  France,  Germany  and  America  have  given  to 
dahlia  lovers  flowers  as  perfect  in  form  as  any  of  the  old  show  types, 
with  a  hghtnesB  and  grace  that  place  them  incomparably  above 
those  old  favorites,  and  with  a  range  of  colors  and  color  combinations 
greater  than  that  of  any  other  flower. 

By  crossing  the  cactus  di^ias  with  singles,  a  still  lighter,  more 
artistic  form  has  been  developed  (first  in  Holland  about  1900),  the 
peony-flowered  dahlia,  in  which  the  t^idency  of  the  cactus  type  to 
weak  stems  and  hiding  among  the  foliage  has  been  conquered;  and 
we  have  graceful,  open-centered,  curled-petaled,  large  flowers  of 
entrancing  tints  and  shades,  freely  produced  on  upright  plants  and 
held  firmly  on  good  strong  stems  —  suitable  alike  for  tiie  garden  and 
for  cutting.  These  now  rival,  if  they  do  not  exceed  the  cactus 
dahlias  in  popularity. 

Recently,  also,  has  come  a  revival  of  interest  in  single  dahlias, 
with  the  introduction  of  larg&-flowered  varieties  of  tlus  type,  in 
colors  solid,  shaded  or  tinted,  beautifully  suffused,  and  variegated, 
which  add  a  new  touch  to  garden  decoration. 

In  France  "  decoratives  "  have  lately  reached  their  hi^est  develop- 
ment; and  some  of  the  huge,  flat,  double  flowers  of  this  type  receive 
as  many  votes  in  dahlia  elections  as  cactus  and  peony-flowered 
varieties.  France  also  contributed  a  strictly  new  type  about  1899, 
the  ''  collarette,"  in  which  single  dahlias  of  various  colors  add  to 
their  beauty  a  row  of  inner  small,  slender  petals  of  different  color 
or  tint,  making  a  distinct  fringe  or  collar  between  the  broad  outer 
ravs  and  the  central  disk.  Still  another  type  is  known  abroad,  but 
seldom  seen  in  America,  the  ''  anemone-flowered  "  dahUa,  in  which 
the  disk  ^rets  of  single  dahlias  have  developed  small  tubular  petals, 
usually  of  different  color  from  that  of  the  ray  florets. 

We  are  unable  to  find  any  record  of  time,  place  or  manner  of  the 
first  introduction  of  the  dahlia  into  the  United  States;  but  it 
undoubtedly  took  place  not  long  after  double  dahlias  first  became 
known  in  England,  and  almost  certainly  from  that  country. 

The  first  treatise  on  the  dahlia  known  to  have  been  published  in 
America  appeared  in  1839,  and  its  author,  Sayers,  says:  '^  In  this 
part  of  floriculture  America  keeps  a  closer  pace  with  Europe  than  in 
the  culture  of  any  other  class  of  florists'  flowers  ";  and,  also,  that 
it  is  "  Only  within  ten  or  twelve  years  that  any  fine  specimens  were 
to  be  seen."  He  lists  28  varieties  then  in  genial  cultivation  and  58 
new  ones;  but  an  accoimt  of  the  1835  show  of  the  New  York  Horti- 
cultural Society  gives  the  names  of  30  exhibitors,  one  of  whom 
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showed  114  imported  varieties.  In  the  catalogue  of  Wm.  Prince, 
Flushing,  L.  I.,  1823,  41  varieties  are  listed;  and  the  catalogue  of 
G.  Thorbum  &  Son,  New  York  City,  1823,  states  that  the  dahlia 
is  "  of  very  late  introduction  into  this  country  ". 

The  subsequent  history  of  the  flower  in  America  has  followed, 
in  general,  its  course  in  England,  with  a  period  of  great  popularity 
for  shows  and  fancies  and  a  decline  of  that  popularity  about  the 
middle  of  the  last  century  and  no  marked  revival  of  it  imtil  very  late 
in  the  century,  much  after  the  renewal  of  interest  in  Europe  by  the 
introduction  of  D,  Jvaredi,  By  1895  the  dahlia  was  again  receiving 
much  attention  and  there  has  been  a  constant  increase  in  popularity 
until  today  the  flowers  are  very  extensively  grown.  Several  planta- 
tions of  from  50  to  120  or  more  acres  are  to  be  found  near  tiie 
Atlantic  seaboard,  others,  of  hundreds  of  varieties,  extend  in  an 
almost  imbroken  line  of  states  to  the  Mississippi,  a  few  lie  in  the 
eastern  foothills  of  the  Rocky  Mountains  and  a  large  number  again 
on  the  Pacific  slope.  Small  collections,  some  of  them  very  choice, 
are  grown  in  thousands  of  amateurs'  gardens;  and,  yearly,  increasing 
numbers  of  scattered  plants  are  seen  in  dooryards,  lawn  borders  and 
plant  beds  near  city,  village,  and  rural  homes. 

CLASSIPICATION   OP  DAHLIAS. 

As  indicated  in  the  history  of  the  dahlia,  we  now  have  many  classes 
of  the  flower.  These  classes  and  the  definitions  of  them  recently 
adopted  by  the  American  Dahlia  Society  are  as  follows: 

1.   CACTUS  DAHLIAS. 

a.  True,  fluted  type:  Flowers  fully  double;  floral  rays  (petals)  long,  nairo^r,  in- 
curved or  twisted,  with  sharp,  divided,  or  fluted  points  and  with  revolute  (rolled  back) 
margins,  forming,  in  the  outer  florets,  a  more  or  less  perfect  tube  for  more  than  half 
the  length  of  the  ray. 

Typical  examples:  Snowdon,  T.  G.  Baker,  Mrs.  Douglas  Fleming,  J.  H.  Jackson, 
H.  H.  Thomas  and  Rev.  T.  W.  Jamieson. 

b.  Hybrid  cactus  or  semi-cactus  type:  Flowers  fully  double;  floral  rays  short  as 
compared  with  previous  type,  broad,  flat,  recurved  or  twisted,  not  sharply  pointed 
except  when  tips  are  divided  (staghom),  margins  only  slightly  revolute,  and  tubes  of 
outer  florets,  if  any,  less  than  half  the  length  of  the  ray. 

Typical  examples:  Master  Carl,  Perle  de  Lyon,  Flora,  Mn.  J.  P.  Maoe,  Kalif  and 
Rh^nkonig. 

2.  DECOBATEYB  DAHUAS, 

Double  flowers,  full  to  center  in  early  season,  flat  rather  than  ball-shaped,  with 
broad,  flat,  somewhat  loosely  arranged  floral  rays  with  broad  points  or  rounded  tips 
which  are  straight  or  decurved  (turned  down  or  back),  not  incurved,  and  with  nargins 
revolute  if  roU^  at  all. 

Includes  forms  like  those  of  Souvenir  de  Gustav  Douson,  Jeanne  Charmet,  Le  Grand 
Manitou,  Delice,  Lyndhurst  and  Bertha  Von  Suttner;  but  does  not  include  Le  Goloase, 
Mrs.  Roosevelt,  Dreer's  White,  Grand  Duke  Alexis  or  similar  forms,  which  fall  into 
section  B  of  the  ball-shaped  double  dahlias. 
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3.  BALL-6HAFE0,  DOUBLE  DAHLIAS. 

A.  Show  t3rpe:  Double  flowers,  globular  or  ball-shaped  rather  than  broad  or  flat, 
full  to  center,  flhowing  regular  spiral  arrangement  of  florets;  floral  rays  more  or  less 
quilled  or  witii  markedly  involute  margins  and  rounded  tips. 

(The  class  called  Fancy  Dahlias  is  not  recognized  separately  in  this  classification, 
but  is  included  in  the  sub-section  A.) 

Typical  examples  of  Show  Dahlias:  Arabella,  Dorothy  Peacock,  Gold  Medal,  John 
Walker,  Colonist  and  A.  D.  Livoni. 

B.  Hybrid  show,  giant  show  or  colossal  .type:  Flowers  fully  double,  broadly  hemi- 
spherieiU  to  flatly  globular  in  form,  loosely  built  so  spiral  arrangement  of  florets  is  not 
immediately  evident;  floral  rays  broad,  heavy,  cupped  or  quilled,  with  rounded  tips 
and  involute  margins. 

Typical  examples:  Grand  Duke  AlexiB,  Cuban  Giant,  Mrs.  Roosevelt,  Le  Colosse, 
W.  W.  RawBon  and  Golden  West. 

C.  Pompon  Type:  Shape  and  color  may  be  same  as  A.  or  B.;  but  must  be  under 
two  inches  in  diameter. 

Includes  forms  like  those  of  Fairy  Queen,  Belle  of  Springfield,  Darkest  of  All,  Ncrissa, 
Little  Hennan,  and  Snowolad. 

4.  PXONT-FLOWBBBD  OB  "  ABT  "  DAHUAB. 

Semi-doable  flowers  with  open  center,  the  inner  floral  rays  being  usually  curled  or 
twisted,  the  other  or  outer  petals  being  either  flat  or  more  or  less  irregular. 

Typical  examples:  Queen  Wilhehmna,  Geisha,  Hampton  Court,  Mrs.  W.  Kerr, 
P.  W.  Janasen,  and  Glory  of  Baam. 

5.  DUPLEX  DAHUAB. 

Semi-double  flowers,  with  center  always  exposed  on  opening  of  bud,  with  petals 
in  more  than  one  row,  more  than  12,  long  and  flat,  or  broad  and  rounded,  not  notice- 
ably twisted  or  curled.    (Many  so-called  Peony-flowered  Dahlias  belong  here.) 

Typical  examples:  Big  Chief,  Souvenir  de  Frans  Lisst,  Merry  Widow,  Sensation, 
Phurie  Fire  and  Hortulanus  Budde. 

6.  SINOLB  DAHLIAS. 

Open  centered  flowers,  small  to  very  large,  with  eight  to  twelve  floral  rays  more  or 
leas  in  one  circle,  margins  often  decurved  (turned  down  or  back).  There  are  no  dis- 
tinotions  as  to  colors.  The  type  embraces  the  large  Twentieth  Century, — as  well  as 
small  EngUah  varieties. 

Typical  examples:  White  Century,  Golden  Century,  Scarlet  Century,  Newport 
Marvd,  (of  the  large  flowered  forms);  with  Polly  Ecdes,  Leslie  Scale,  Danish  Cross 
and  Ami  Barillet,  (of  the  lesser  flowered  forms). 

The  Star  singles  and  Cactus  singles  are  omitted  from  the  present  classification 
■elieme  as  not  being  sufficiently  numerous  or  well  defined  yet. 


7.   COLLABSTTB  DAHLIAB. 

Single  type:  Open  centered  blossoms  with  not  more  than  nine  floral  rays  with  one 
or  more  smaUer  rays,  usually  of  a  different  color,  from  heart  of  each  ray  floret,  making 
a  collar  about  the  didc 

Typical  examples:  Maurice  Rivoire,  Souvenir  de  Chabanne,  Diadem,  Oiphee, 
Madame  Poirier  and  Albert  Manmenee. 

8.  ANBMOIIX-VLOWHBHD  DAHUAB. 

Fk>wen  with  one  row  of  large  floral  rays  like  single  dahlias,  but  with  each  disk 
flower  producing  small,  tubular  petals. 

InchideB  such  forms  as  those  of  Grasiella,  Mme.  Chas.  Molin,  Claude  Barnard 
and  Mme.  Pietre  Diqiont. 
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9.  01HXB  SXCIXONB. 

Miniaiun  or  Pompon  CaetM,  Small  flowered,  stellate,  fine-petaOed  eactos  dablias 
reprasented  by  Tom-tit,  Maiy,  Nora,  Minima.  Mignon  or  Tom  Thumb,  —  Dwazf 
bushy  single  flowered  Dahlias  for  edging.  Typical  examples:  Jules  Cloason.  Btd- 
ding  DMia. —  A  taller,  more  upright  type  than  the  Tom  Thumb.  Typical  examples: 
Barlow's  Bedder  and  Midget  Improved.  Cockade  or  zonal  />aA{{a<.--Single  or  col- 
larette Dahlias,  with  three  distinct  bands  of  color  about  center.  Type  hardly  known 
in  America,  but  includes  such  forms  as  that  of  Gocarde  Espagnole. 

THE   ''best  DABIilAS'^ 

In  an  effort  to  secure  confirmation  of  his  own  judgment  in  selecting 
dahlia  varietieB  worthy  of  recommendatitm  for  general  culture, 
and  to  include  the  better  ones  among  varieties  unknown  to  him, 
the  author  prepared  and  sent  to  about  forty  leading  American 
dahlia  growers  and  specialists  a  blank  form  for  a  list  of  dahlias 
that  should  include  the  best  in  each  kind  and  class.  Twaaty- 
five  of  these  forms  were  returned,  filled  out  wholly  or  in  part;  and 
the  information  thus  secured  is  the  basis  of  the  list  given  below. 
The  lists  have  been  supplemented  by  nearly  ten  years'  perscMial 
experience  with  dahlias,  during  which  more  than  one  thousand 
varieties  have  been  grown,  by  visits  to  the  fields  of  a  dozen  or  more 
growers  of  dahlias  on  an  extensive  scale  (over  300  acres  in  all),  by 
preparation  of  a  card  catalogue  ot  three  thousand  of  the  older 
varieties,  and  by  study  of  recent  growers'  catalogues  that  describe 
half  as  many  more  new  varieties.  It  is  believed  tnat  no  variety  has 
been  here  listed  that  is  not  wcMrthy  of  a  place  in  any  collection,  and  it 
is  hoped  that  no  variety  of  superior  merit,  grown  long  enoi^  or 
widely  enough  in  America  to  demand  consideration,  has  been  omitted. 
It  has  not  been  possible  to  select  the  ^'  best  "  only;  since  this  would 
require  careful,  scientific  and  impartial  study,  extending  over  several 
seasons,  of  all  the  varieties  here  listed,  and  many  others,  collected  in 
one  place.  Such  a  study  is  greatly  needed,  and  it  should  be  the 
desire  and  aim  of  all  dsJilia  lovers  to  secure,  through  a  National 
Dahlia  Society  or  some  other  agency,  some  plan  of  cooperation  where- 
by order  can  be  brought  out  of  the  present  chaos  of  dahlia  varieties. 

In  consulting  the  following  lists  these  points  should  be  borne  in 
mind:  Lack  of  space  prevents  detailed  descriptions  of  varieties, 
but  these  have  been  grouped  as  carefully  as  possible  (considering 
the  widely  variant  ideas  of  color  and  type  now  existing)  by  class  and 
by  color.  Following  the  name  of  a  color  group  in  each  class  of 
dahlias,  the  names  are  first  given,  sometimes  in  two  sections,  of  those 
varieties  selected  by  more  than  two  authorities  as  "  best "  of  tihe 
type  and  color;  and,  second,  when  thought  desirable,  the  nanoes  of 
new  or  less  known  varieties  that  are  believed  to  be  of  superior  merit, 
but  that  have  not  been  extensively  tested.  Names  marked  with  a 
star  (*)  aie  those  of  varieties  grown  or  studied  by  the  author,  whose 
judgment  supports  that  of  others  in  listing  these  varieties;  those 
not  so  marked  are  included  on  the  recommendations  of  others  only, 
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the  writer  not  having  seen  the  varieties.  A  few  names  are  printed 
in  ix>Id  face  to  indicate  varieties  so  widely  grown  or  of  such  splendid 
quality  that  they  occupy  preeminent  places  in  the  dahlia  realm. 

BOtQIM  DABUAS. 

Singles  are  not  especially  popular  in  America  today  and  the 
varieties  grown  are  not,  in  the  main,  widely  distributed.  For  this 
reason,  it  is  quite  difficult  to  select  varieties  that  stand  out  above 
their  fellows,  since  only  limited  numbers  of  growers  agree  in  their 
choices. 

Singles  of  the  old,  small  or  English  type  make  up  the  first  alpha- 
beticidly  arranged  group  after  each  color  name;  thoee  of  the  new, 
large,  or  Century  type,  the  second  group. 

Wkiie  —  Alba  Superba*,   Rebecca   Mayhew,   Snowdrop;  —  Gigantea   Alba*    The 

Bride*  White  Century*.    New —  Rhode  Island*  White  Ckrad,  White  Elephant, 

White  Shower. 
Bhuh  and  light  pink  —  Mary;  —  Anna  Long*,  Margaret  Perldna,  Newport  Cheer*. 

New  —  Newport  Pink*. 
PifiJk  and  ro$e  —  Betty*,  Columbine,  Princeos  of  Wales:  —  IimMrialiana*,  Mrs  J.  C. 

Hance*,  Rose-pink  Century*.    New  —  Lady  Bountnul*;  Qladys. 
Deep  pink  to  pvsre  red, —  (including  cambinoHons  of  white  and  crimeon)  Mrs.  J.  G.  Ran- 
dall, Prosperity;  —  Fringed  20th  Century*,  Newport  Beauty*,  Twentieth  Century*. 
Scarlet  —  Ensign,  Miss  Morland,  Rosebank,  Wildfire*;  —  Gorgeous*,  Red  Face*, 

Scarlet  Centuiy*,  Wildfire  Centuiy.    New  —  Newport  Star*,  Scarlet  Shower. 
Crimean  and  carmine  —  Ami  BariUet*,  Formosa;  —  Crimson  Century,  Hasel  Heiter*, 

New  —  Crimson  Shower,  Newport  Queen*. 
Maroon  —  Blackbird*,  Man  Friday;  —  Belmont,  Majesty,  Maroon  Century*,  Dr. 

Heocamer*. 
Cream  and  Ugkt  ydlcw  —  Miss  Roberts,  New  —  Cream  Century,  Lemon  Shower, 

Newport  YeEow*. 
Brif^  and  deep  yeOow— Blanche*,   Mildred*,  St.  Geoige*; — Golden  Century*, 

Newport  Pride*.    New  — Golden  Shower. 
Orange  —  Morning  Glow. 
Btdf,  amber,  pale  orange,  brontef  terra  cotta,  etc,  —  Amy;  —  Miss  Edna  Sharps,  Newport 

Marvd*.    New  —  Mrs.  Joynson  Hicks. 
Salmon,  old  roee,  etc.  —  Eclipse;  —  Sunset. 

Lamider,  lUac,  mawe  and  moM  —  Leslie  Seale;  Twilight;  —  Miss  Barton,  Weston. 
Magenta  and  plum  color  —  Mrs.  Bowman;  —  Newport  Charmer*,  Radiance. 
Ptaple  —  Serita,  Utopian.    New  —  Beauty's  Mask*,  Newport  Glory*. 
Bi^colored:  WhUe  and  reci  — Danish  Cross*,  Lucifer*,  Magnificent,  Paul;  —  Eckford 

Century*,  Iris  Century*,  Old  Gtory. 
BtHsolored:  WhiU  and  y^Oow  — mida. 
Bircdiared:  reOow  and  r«2  —  Cardinal,  Fugi  San*  GaiDardia*  PoUy  Eceles*,  Mikado*. 

^Wy;  —  Elinor,  Flaming  Century,  Jack*,  Spanish  Century. 
Bvedored:  MieceOaneoue  —  Kitty,  Sadie*,  Pnudtdee*,  StrOdng;  —  Dauntless. 

DUPLEX  DAHUAB. 

^•^Wte  —  TnxL  Dr.  Nebdthau*  Hathome,  Mme.  Heriot    New  —  White  Star. 
Pink  —  Rubens.    New  —  Crawley  Star*. 
Scarlet  —  Centaure,  Merry  Widow*. 
Morawi  —  Big  Chid*. 

v^ite  and  re^—Roskin*,  Sensation*,  SoavedrdelraDsLiMl*.    New ^Erasy  Eats, 
LovelineaB. 
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AmMOinD-FLOWBBBD  DABUAB. 

Creamy  whiie  —  Mme.  Charles  Molin. 
Rose  and  yeUow  —  GrazielU,  Luciana. 
Red  and  yellow  —  Falstaff ,  Horace,  Mars. 
Brown  and  yellow,  striped  —  Claude  Barnard. 
Maroon  and  purple  —  Le  Styx,  Mme.  Pierre  Dupont. 

OOLLABBTIB  DAHUAB. 

Whiie,  pink,  red  and  scarlet:  With  white  collars  —  Albert  Maumenee.  Comtease 
Ici  Hardegg,  Diadem*,  Directeur  Rene  Gerard*,  Regularity.  With  yellow 
collars  —  Cocarde  Espagnole*,  Qallia*,  Henri  Farman*.  Crimson,  carmine,  pwrpXe 
and  maroon:  With  whiie  collars  —  Capella,  Mme.  E.  Poirier*,  Maurice  Rivoire*, 
Free.  Viger.  Wiih  yeUow  collars  —  Comte  Nodler*,  Exposition  de  Lyon*,  Frog- 
more.     Ydlow,  with  white  or  yellow  coUars  —  Buttercup,  Qoldstem. 

Other  color  combinaUons — Mme.  Capron*,  Meteor,  Souvenir  de  Chabanne*.  New  — 
Champion,  Geante  de  Lyon,  Jumbo,  Marvel,  The  Sultan,  White  Prize. 

POHFON  DAHLIAS. 

White  and  Ujght  pinA;  —  Daybreak*,  Rosebud,  Snowclad*   Star  of  the  East,  White 

Aster  (Guiding  Star). 
Deep  pink  and  light  crimson  —  Marguerite,  Nerissa*,  Sunbeam. 
Red  and  scarlet — Bacchus,  Mars*,  Red  Indian,  Sunshine,  Vivid. 
Dark  crimson  and  maroon  —  Darkest  of  All*,  Darkness,  Raphael. 
Cream  and  light  yellow  —  Annie  Doncaster,  Canary,  Little  Bessie*  Mary  Keith, 

Sensation. 
Deep  yellow  and  orange  —  Bijou*,  Catherine*,  Ideal,  Klein  Domitea*  Little  May* 

Myra. 
iMvender,  lilac,  etc, —  Adelaide,  Alewine*  Dewdrop,  Pure  Love. 
Salmon,  old  rose,  etc. —  Gniss  am  Wein,  Iris,  Nellie  Broomhead. 
Magenta  and  purple  —  Bobby,  Prince  Charming. 
Bi-idored:  White  and  red  —  Brunette,  Hedwig  Pollwig,  Little  Herman*  Little  Prince, 

Montague  Wooten,  Tommy  Keith,  White  and  yeUoiD  —  Elfin*,  Jewel  (new),  Leih, 

Zoe.     YeUow  and  red  —  Hesperia,  Jessica,  Little  Beeswing  (new). 

SHOW  AMD  FANCY  DAHUAB. 

No  attempt  has  been  made  to  maintain  the  purely  artificial  dis- 
tinctions between  these  two  classes.  However,  all  the  "  Fancy  " 
dahlias  selected  will  be  found  in  the  various  "  Bi-colored  "  groups; 
though  others  in  these  groups  are  not  strictly  "  Fancies."  The 
letters  c,  e,  g,  preceding  a  name  indicate  respectively  whether  a 
variety  is  most  suitable  for  cutting,  garden  decoration,  or  exhibition. 
It  should  be  said,  however,  that  very  few  varieties  are  really  adapted 
to  commercial  cutting  for  shipment. 

White —e  Diamant*,  c€g  Dreer*s  White*,  eg  Ethd  Maule*,  ceg  Gov.  Guild,  eg 

John  Walker*,  eg  Mme.  Heine  Furtado*,  c  Mme.  Henrietta  Scalabre*,  e  Mme. 

Marika  Anagnostiki*,  c  Miss  Minnie  Voeburg*,  eg  Storm  King*,  White  Swan. 
Blush  and  ligti  pink  —  eg  Caleb   Powers*,  Dorothy  Peacock*,   eg  Grand   Duke 

Alexis*,  eg  La  Republique,  eg  Queen  of  the  Belgians,  e  Mrs.  Gladstone,  ceg  Susan*, 

New  —  Halcyon,  Souvenir  de  ma  Soeur. 
Rose  pink  to  rose  color  —  ceg  A.  D.  Llvoni*,  ce  John  Thorpe*,  ceg  Rose*,  eg  Souvenir 

de  Mme.  Moreau*. 
Deep  pink  to  pure  red  — g  David  Warfield,  g  FUchard,  eg  Le  Coloese*,  eg  Meteor*, 

e  Paul  David. 
Scarlet  —  ceg  Isis,  ceg  John  Wyatt,  ceg  Merlin,  e  Paul  Bert*,  eg  Red  Hussar*,  ceg 

W.  H.  WiUiams,  eg  Warrior.    New  —  Globe  de  Mantes,  Mme.  Ant  Wautera,  Biiss 

Helen  Hollis. 
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CriiMon  and  carmine  •—  oeg  Bon  Ton*,  o  Crimson  Giant,  og  Cuban  Qiant*  (or  Dr.  J.  P. 

Kirkland),  eg  Edward  Mawley,  e  Emperor. 
Maroon  —  eg  Black  Diamond*,  e  Biack  Dude,  oeg  Mr.  Chamberlain,  oeg  Sir  Richard 

WaUace*,  eg  Thoe.  White*,  eg  Victor. 
Cream  and  light  yeUow  —  ceg  Arabella*,  ceg  Eamond,  e  Mrs.  Glaaoock*,  ceg  Tom 

Jones. 
Brighi  and  deep  yellow  —  eg  Mary  D.  HaUoek*,  (or  Queen  Victoria),  eg  Princess 

Victoria*,  <^  Qaem  of  the  Yellows*,  eg  R.  T.  Rawlins,  Yellow  Duke*.  New-— 

EsteOe  Christy,  Mary  Garden. 
Oran{fe  —  ceg  Champion  Rollo,  eg  Elberton,  e  John  Bennett*,  g  Leander*,  Nugget*. 
Btijf,  amber,  bronze,  pale  orange,  terra  coUa,  etc. —  ceg  Chas.  Lanier*,  eg  Dr.  Keynes*, 

oeg  Eugene  Mesard*  ceg  Geo.  Ade,  Qracchus*,  g  Robin  Adair*. 
Salnum,  old  rose,  etc. —  g  David  Johnson*,  ceg  Grand  Duchess  Marie*,  ceg  Mrs. 

Dexter*,  eg  Sunburst*. 
Lavender,  lilae,  mauee  and  violet  —  ceg  Acquisition*,  eg  Chieftain,  ceg  W.  W.  Rawson*. 

New  —  Maude  Adams*,  Vivian*. 
Magenta  —  g  Electric,  Souv.  de  Mme.  Gagne*.    New  —  Ansonia*,  Limington. 
Purple  —  ceg  Qloire  de  Paris*,  e  Prince  Bismarck*,  c  Stradella*,  T.  W.  Girdlestone. 
Bx-eoUred:  Red  and  wkUe  —  Annie  Moore,  Ethel  Schmidt*,  Gen.  Saussier,  Keystone, 

Lottie  Eckford*,  Mrs.  N.  Halls*,  Mrs.  Reg.  Green,  Souvenir,  Striped  Banner. 
Bi-eolored:  White  and  yellow  —  Miss  Browning*,  Mrs.  Saunders*. 
BUeolored:   Yellow  and  red  —  Dazzler*   Duchess  of  Albany*,  Gold  Metal*,  Kaiser 

Wilhelm*,  Lucy  Faucett*,  Sunset,  Wm.  Pemberton. 
Bi-eolored:  Purple  or  maroon  and  white  or  pink  —  Frank  Goodman,  Frank  Smith** 

Peaoock*. 
Other  color  combinations  —  Gen.  Grant,  Qen.  Miles*,  Prof.  Fauoett. 

DBOORATIVB  DAHLIAS 

WkUe  —  eg  Blanche  Charmet*,  c  Corona*,  Henry  Patrick*,  eg  Kaiserin  Augusta 

Victoria*,  oeg  Mme.  Marze*,  e  Mile.  Helene  Charvet,  c  Mrs.  Winters*,  ceg  Mont 

Blanc*,  ce  Perle  de  Lyon*,  Perle  du  Pare  de  la  Tete  d'Or,  ceg  Princess  Juliana*, 

ce  White  Wmgs.    New  —  Altadena,  Hortulanus  Witte*,  Mrs.  Henrietta  W.  Struck. 
Bluek  and  light  pink  —  g  Loveliness,  ceg  Mme.  Van  den  Dael*,  oe  Mrs.  J.  G.  Cassatt, 

Mrs,   Roosevelt*,  Sylvia*,  Ville  de  Lyon.    New  —  Eventide,   Mrs.  Thos.  W. 

Barlow. 
Aote  pink  to  roee  color  —  eg  A.  E.  Johnson*,  ceg  Delice*,  ceg  Jeanne  Charmet*, 

ceg  La  France*,  eg  Princess  Victoria  Louise*.    New  —  Due  de  Kfietritz,  Flamingo*, 

ceg  Jean  Wood*,  Mrs.  Frances  King,  Mrs.  Jennie  Walker. 
Deep  pink  to  pure  red  —  eg  Boisduval*,  ceg  Jack  Rose*,  g  Mrs.  Fleers,  e  Victor 

Vdvet 
Seaarlet  —  oeg  Augusts  Nonin*,  eg  Easton*,  eg  Fireburst,  eg  Lsmdhurst,  eg  Wm.  Agnew. 

New  —  e  Breeze  Lawn*,  Mansanola,  ceg  Mhmie  Burgle*. 
Crimeon  and  carmine  —  c  Catherine  Duer*,  e  Le  Geant*,  oeg  Papa  Charmet*,  oeg 

Paul  l)avid,  eg  Riese  von  Stuttgart.    New  —  American  Beauty*,  Mrs.  A.  C 

Dnpont*. 
Maroon  —  g  Black  Beauty*,  eg  Black  Prince,  ceg  D.  M.  Moore*,  oe  Jumbo,  oeg 

Ouray*,  eg  Ulysse*. 
Cream  and  light  ydlow  —  e  Gigantea*,  Mme  Victor  Vassier*,  eg  Mrs.  Chas.  A.  Turner*. 

New  —  Albert  Manda*. 
Bright  and  deep  yellow  —  eg  Brentwood,  ce  C.  W.  Bruton*  ceg  Golden  West*,  oeg 

Yellow  Cdosse*. 
Scarlet  orange  and  orange  —  ce  Chieftain,  g  Mme.  Marie  Collet*,  c  Orange  Glare  of 

ihe  Garden,  ceg  Orange  King*,  oeg  Sevastopol*,  9eg  Souvenir  de  Qustav  Douzon. 

New  —  ceg  Edina  L.  Hathaway*. 
Buff,  amber,  pale  orange,  hronee,  terra  cotta,  etc. —  o  Crown  of  Gold*,  eg  Kupferberg 

Gokl*,  eg  Lucero*,  eg  Manitou*,  eg  Miss  Minnie  MoCuUough*,  ceg  Santa  Orus*. 
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Sdman,  M  rom,  ete,—  og  J.  M.  Goodrich*,  eg  John  R;  Bsldwhi*,  eeg  Mme.  Louis 

Tillier,  eg  Phenomene,  e  Salmon  Queen*.    New  —  Hortulanus  Viet*. 
LooendeTf  Ulac^  matwe  and  vioLel  —  eeg  Bhie  Oban*,  oe  Esmeralda,  e  Mme.  Auguste 

Nonin*,  eeg  Mme.  Aymard,  eg  Mile.  Marie  Hoete,*  eeg  Maman  Rosain*.    New  — 

Mrs.  Wm.  B.  Warner,  Jr. 
Magenta  —  g  Miss  Barry,  o  Pendent*.    New  —  Souvenir  de  Mme.  Blonin. 
Purple  —  eg  Claribel*,  eeg  Commandant  Rivoire*,  eg  Frank  L.  Bassett*,  eeg  Giant 

(or  Royal)  Purple*,  c  Gloire  de  Paris.    New  —  J.  K.  Alexander. 
Bi-eolored:   White  or  pifiJb  and  red  —  eeg  Beaute  Lyonnaise,  c  Gaiety*,  e  €ioy.  Floyd*, 

eeg  Le  Qraad  Mjuritou*,  oeg  Moie.  A.  Lumiere*,  eeg  Mme.  L.  Perrier*,  eeg  Maid 

of  Kest*,  eg  MUe.  Laorenoe  Chabanne,  eeg  Progress*. 
Bi-eolored:    Yellow  and  red-" eeg  Gloire  Lyonnaise,  oeg  Mme.  YercniyaBea,  Prof. 

Mansfield*. 
Bircciored:   Ptarple  or  maroon  and  white  —  e  Morocco*,  eeg  Orra  Dow. 

PBONT-FLOWSBSD  DAHLIAS 

WkUe  —  c  Feldberg*,  ce  Mrs.  T.  G.  Baker*,  eeg  Queen  Wflhehniaa*,  <^  Riesen 

Edelweiss*,  eg  Soeeuwwitje  (Snow  Queen)*,  eeg  South  Pole*.    New  —  Lady 

Muriel  Paget*,  Mrs.  H.  E.  Fiske,  Mrs.  Jas.  Grosvenor,  White  Lady. 
Blush  to  K^  pink  —  eeg  Globe  de  Baam*  (Ruhm  von  Baarn),  eeg  Miss  Glai^ 

Dawson*,  g  Queen  Emma*,  Turner.    New  —  Queen  Esther,  St.  Louis,  The  Pink 

Lady. 
Roee  pink  to  roee  cclor  —  oeg  Hampton  Court*,  eg  Ladysmith*,  c  Miss  G.  Eeeliog. 

eeg  Weber*.    New  —  John  Wanamaker,  Rose  Queen,  Sunrise. 
Scarlet  —  eg  Germania,  oeg  Liberty*,  eeg  Mme.  Curtelin,  oeg  Mrs.  J.  B.  Riding. 

eg  Rheingau*. 
Crimean  arid  oarmine  —  eeg  Antoine  Rivoire,  eeg  Duke  Henry*. 
Maroon  —  oeg  Dr.  Peary*,  eg  Dormouse*,  c  Garabaldi,  g  Holman  Hunt. 
Cream  and  light  yellow  —  eeg  Caecilia*,  ce  Caesar*,  og  King  Leopold*,  eg  Mrs.  Geo. 

Gordon,  oeg  Queen  Alexandra,  e  Queen  Augusta  Vktoria*.    New  —  Cream  King. 

Osceola,  Ydlow  Gem*. 
Brighlt  and  deep  yellow  —  eg  Canary  Bird,  Mondscheibe.    New  —  Convention  Yellow*, 

eeg  Dr.  H.  H.  Rusby*,  Miss  Ruth  Thurston*. 
Orange  —  ce  Eleanor  Woodrow,  c^  Hugo  de  Vries,  g  Lady  SavQIe*,  Themae*.   New  — 

Chatenay*,  Tango  Girl. 
Bv^,  amber,  pale  orange,  bronze,  eld  gold,  etc, —  eg  CoL  Cody,  g  Frau  Anna  Galater, 

Frau  Geheimrat  Scheiff*,  eeg  Glory  of  Groenekan*,  eeg  C^deas  of  Fame,  oeg 

Mannheim.    New  —  Duchew  of  Brunswick,  Miantonomi. 
Salmon,  old  rose,  etc. —  Andrew  Carnegie*,  eeg  Bertha  von  Suttner*,  Lady  Norman*, 

Liberty*  (as  flower  ages),  P.  W.  Janssen.    New  —  America,  Jean  Anderson,  Van 

Dyke*. 
Lavender,  Klac,  mauoe  and  violet — o^  Great  Britain*,  o^  H.  J.  Lovink*,  oeg  La 

Riante*,  'bin,  Alfred  Piatt.    New — Fraulein  Budde,  Miss  Viol^  Beamish,  Mia. 

W.  E.  Whineray. 
Jfo^ento  — 0  CoL  J.  St  G.  Wolsel^. 
Purple  — oeg  Csar  Ferdinand,  oeg  King  Edward*,  o  The  Wanior.    New  —  Chioi^go, 

Gbry  of  Nijkerk. 
Bircdaroi:  White  or  pink  and  red  — oeg  Fritaunann*,  Mme.  A.  ColssanI*,  Mrs. 

C.  L.  Seybotd*,  Paul  Kruger*,  Porcupine*.    New  — Electa*,  Mra  D.  C.  Bhur, 

Pennant. 
Bi-colored:  White  and  yellow  — eg  Fraicheur  du  Matin*,  oeg  Kakudu*»  Lord  Mihicr. 

New  —  Empress,  Garland,  Yirginia  Marshall. 
Bircdlored:   Yellow  and  rod  —  oieg  Qeisha*»  oeg  J.  B.  Heaton,  g  Mn.  Jaoquea  FutreUe*. 

New  —  Fire  Girl,  La  Lumiere*. 
Other  eofor  com6ttia(iofw  —  o«  Duohosn  Melii  d'Eril,  Phaaomenal*,  Philadeiphia^, 


Plats  XLVII. —  Smaix  and  Collabette  Dahlias. 


PtATB  XLVIII. —  SiHout  Dahlias  or  "  Centcbt  "  Ttps. 


pLATB  XLK.—  Bau^haped  Dohblb  Dahlias;  "  Show  "  TiW. 


Plate  L.—  Bau/^haprd  Double 


PuiTK  LI, —  Dicosahvk  Darua  (above)  and.Peont-flowbiibd  Dabua  (bblow). 


'  Pllts  Lin. —  Cactdb  Dablus. 


PI.4TB  LIT. —  Peont-fi/iwerbd,  or  "Abt,"  Dahuab. 


'  Pun  Un. —  CACTcre  Dabuab. 


Pl*tb  LIV. —  Cactus  Dabuu. 
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C3ACTU8  DABUA8. 

First  group  under  each  color  of  broad,  cactus-hybrid  tjrpe;  second 
group  of  true  cactus  or  fluted  type,  c  —  cutting,  e  —  exhibition, 
g  —  garden. 

WhUe  —  c  Bergmann's  Silyer*,  eeg  Flora*,  oeg  Lawine*,  oec  Perle  de  Lyon*,  eeg 
RhetaoniK;— g  Bridal  Robe,  eg  Candeur,  og  Faiiy*,  eeg  Mrs.  Dooiglas  Heming*; 
Prima  Donna*  (Eng.)»  g  Schwan*  oe  Snowdon*. 

Blush  to  Ughi  Tpink  —  eeg  GaUthea*,  oeg  Mn.  J.  P.  Maee,  oeg  Oetopos,  eg  Prima 
Donna*  (Ger.) ; —  oeg  Crystal*,  eg  Ddicatiasima,  eg  Eztaae*,  e  Gwendoline  Tucker*, 
oeg  Mme.  Henri  Cayeux*,  e  Onward,  og  Satisfaetion*.  New — Faacination* 
Miv.  S.  T.  Wrii^. 

Rose  pink  to  rose  color  —  eg  Juliet*,  oeg  Eriemhilde*,  eg  Marguerite  Boochon*,  eg 
Pink  Pearl*,  eg  Ruth  Forbes*;  —  eg  Einpress*,  eg  Ereota*,  ee  H.  L.  Brousson,  e  Miss 
Stredwick*,  g  Stability*,  Sweet  Briar*,  New  —  Dueheas  of  Marlboro*,  Mrs.  Henry 
Randle*. 

£080  red  to  red— -e  Rred  MeQuade*,  g  Mrs.  Mvray  Ind,  g  Bother*;  —  oe  H.  W. 
Smem,  Stormer*. 

Scarlet  —  eg  Amos  Perry*,  oe  Fbrence  Ni^itingale,  ce  Ignea*,  eeg  Kalif *,  oeg  Lady 
Fox,  eeg  Phineaa,  eeg  Rene  Cayeux*,  eg  Standard  Bearer** — Advanoe*,  eg  Flame*, 
og  Foxfaunter,  eeg  Red  Adminl*,  e  Mm  RkUqf*,  eg  Mabel  Needs,  ce  Vivid*. 

Crimean  and  earmine  —  eg  Mrs.  Ferd.  Jeffries;  —  oeg  Brigadier*,  e  Dr.  Q.  G*  Gray, 
eg  Fulgent,  eg  Germinston*,  oeg  H.  H.  Thomas*,  eg  Nelson*,  e  Olympie*,  eg  Pro- 
genitor*; ce  Wellington*. 

Maroon  —  eeg  Dreadnought,  ct  Femand  Olivet*,  og  Floradora*,  eeg  J.  H.  Jackson*, 
g  Night,  g  Othello,  eeg  Rev.  D.  R.  Williamson*;  —  eeg  Conquest*,  e  Excelsior,  ee 
Southern  Belle*,  e  The  Imp*.    New  —  Geo.  L*  StiUmaa*. 

Cream  and  Kght  yeUow  —  et  Goldland*,  oeg  H.  J.  Jones*,  eg  Tante  Blanche*;  —  eeg 
Aquilla,  eg  Dr.  Roy  Appleton*,  oeg  Mrs.  Stq^hens,*  oeg  Richard  Box*.  New  — 
Scorpion*,  Nantwich*. 

Bright  and  deep  yeUow  —  eeg  Buttercup*,  eeg  Dragon  d'Or,  oeg  Gelber  Prins*;  ce 
Stem*; — eg  Geneveva*,  eeg  Glory  of  Wilts,  eg  Golden  Wave*,  o  Harold  Peerman, 
eeg  Success*,  eeg  T.  G.  Ba£er.    New  —  Goklen  Gate*,  Golden  Crown. 

Orange  —  g  Harbor  Light*,  g  Prince  of  Orange,  —  eg  F.  H.  Chapman*,  F.  W.  Fel- 
lowes*,  eg  Ibis*,  eg  Miss  Wflmott,  c  Soleil  Couehant,  eeg  Lucifer*,  eeg  Walter 
Deegen*. 

Bufft  amber,  pale  orange,  bronze,  terra  cotta,  etc. —  eeg  Coimtry  Girl*,  c«  Effective*, 
eeg  Master  Carl*,  eeg  Reliable*,  ee  Thos.  Parkin*,  eg  Vater  Rhein*,  eeg  Wolf- 
gang von  Goethe*;  —  g  Auburn  Beauty*,  eeg  Aurora*,  eeg  Countess  of  Kenmare, 
ce  Crepuscule*,  eeg  Johannesburg*,  eg  New  York*  eg  Rev.  T.  W.  Jamieson*, 
eg  Sandy,  eeg.  Wm.  Marshall. 

Salmon,  old  roee,  etc.—  g  Clara  G.  Stredwi^*,  eeg  Countess  of  Lonsdale*,  eg  Dr. 
Mene,  e  Hoffnung*,  eg  lanthe*,  eeg  Lady  Swaytiiling*,  Mme.  Eschenauer*,  Nie- 
belungenort*,  e  Sweetheart,  eeg  Wodan*;  —  eg  Arthur  Pickard*,  eg  C.  E.  Wllkfais, 
eg  Fred'k  Wenham*,  ce  Marathon*,  eeg  Shenock*,  ce  The  Lion. 

Laioender,  Hlae,  mauve  and  violet  —  eg  Chas.  Pamot,  ct  Etna,  eg  Gustav  Sehwerits*, 
6  Mauve  Queen*,  eeg  Rosa  Starr*,  eg  Thais*:  —  eg  Clincher*,  eg  Indomitable*,  oeg 
Kingfisher,  eeg  Mauve  Perfection*  eeg  Mrs.  T.  W.  WiHis*. 

Magenta — eg  Earl  of  Pembroke*,  eg  Etendard  de  Lyon*,  c  Mr.  Sesgrave;  —  eg  Citiaen; 
e  Dorothy  Hawes*,  eeg  Geo.  W.  Childs. 

Piarple  —  eeg  Beloit*,  c  Blaustrumff*,  e  Great  Western*,  g  Libelle*;  —  oeg  Australian*, 
eg  Eureka,  og  Mrs.  F.  Qrhuted*. 

Bi-colored:  White  and  red  — eg  Alpha*,  eg  Les  AUiees,  oeg  Lonis  Chanvet,  oe  Ndlie 
Riding,  c  Vedette*;  —  eg  Gabriel,  eg  Genl  Buller,*  oeg  Mrs.  H.  J.  Jones;  e  Leon 
Varigny*. 

Bi-colored:  White  and  yeHew  —  oeg  Codcatoo*,  eg  Minnie  West*;  eeg  Variabilis; 
—oeg  Efectrfc,  eg  MIbb  Dorothy  Olivev*. 

Bircdored:    YeUow  and  red  —  eg  Else*,  oeg  Ffarewovks*,  oeg  Lyiio,  oeg  Sirius,  oeg 

^  Tricolor*,  eeg  Vesuvius*;— o&  Jupiter**  oeg  Mn.  J.  Embmon*. 
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Bircobred:  Whiie  or  pink  and  purple  or  maroon  —  eg  Mn.  Seale,  NeDy  Hebnaley; 

— eg  Comet*,  Elf*  e  Victorian. 
Other  color  e<nnbinaHoM  —  oeg  Diavolo*,  eg  Portola*. 

FOVFON  OAOTUB. 

White  —  Edelweiss,  Snowbird. 

Pink  —  Harserkind,  Tomtit 

Red  —  Coronatkm,  H.  Shoesmitfa. 

YeUaw  —  Qoldfiiiclit  Poene. 

Orange  —  Qluckatrft  Zwergsonne. 

Lavender,  moffenia,  etc. —  Bhuiling,  Blaner  Zwerg. 

Dark  crimson,  piarple  or  maroon  —  Alexander  Immer,  Crfansoo  Beaaty,  Mignoii, 

Minima,  Zulu. 
WkUe  and  yeUow  -^  Gracie,  Wunderkind. 

DAHLIAS  FOR  GARDEN  DECORATION  AND  FOR  CUTTINO. 

In  a  recent  dahlia  election,  inaugurated  by  Florists^  Exchange, 
in  which  thirty  leading  dahlia  growers  or  dahlia  experts  voted,  the 
following  varieties  received  more  than  two  votes  each  for  inclusion 
in  a  Ust  of  the  "  twelve  best  varieties  for  garden  decoration  and 
cutting:" 

Votes  14,  Geisha;  12,  Ealif;  11,  Hortulanus  "^^et;  10,  Countess  of  Lonsdale;  9, 
Bouvenir  de  Gustav  Douson,  and  Wodan;  8,  Delioe;  7,  Marguerite  Bouchon,  Perle 
de  Lycm,  Rev.  T.  W.  Jamieson,  and  W.  W.  Rawson;  6,  A.  D.  livoni,  Mrs.  Roosevelt 
and  Wolfgang  von  Goethe;  5,  F.  W.  Fellowes,  Golden  Gate,  John  Riding,  Le  Grand 
Manitou,  and  Rene  Cayeux;  4,  Etendard  de  Lyon,  Golden  West,  Lawine,  Souvenir 
de  Chabanne,  and  Thuringia;  3,  Arabella,  Dorothy  Peacock,  Dreer's  White,  D.  M. 
Moore,  Jack  Rose,  Jeanne  Charmet,  Caleb  Powers,  Master  Carl,  Minnie  McCuHough, 
and  Sylvia;  3,  Aurora,  Auguste  Nonin,  Breeselawn,  Chas.  Clayton,  Dudiess  of  Bruns- 
wick, Dr.  Peary,  Mondschiebe,  Mrs.  Nath.  Slocombe,  Niebelungenort,  Miss  Wilmott, 
Mrs.  Kentwell,  Prof.  MansEeld,  Queen  Esther,  Robt.  Broomfield,  T.  G.  Baker, 
Walkure,  Hampton  Court,  Rheink6nig,  and  Yellow  Coloese. 

CULTURE. 

Season. —  The  dahlia  will  grow  in  any  part  of  New  York  State, 
but  as  it  makes  its  best  showing  late  in  the  summer  and  early  in 
the  faUy  the  chances  for  a  long  season  of  satisfactory  flowering  are 
best  where  killing  frosts  are  not  usual  early  in  the  season.  This, 
however,  will  exclude  but  few  places  in  the  State  from  the  probability 
of  a  good  showing,  for  many  varieties,  even  though  not  set  in  the 
field  until  the  middle  of  June,  wiU  flower  freely  by  the  end  of  August 
if  not  checked  in  growth.  It  is,  ordinarily,  of  Uttle  advantage  to 
start  dahlias  very  early;  for,  under  our  usual  summer  conditions, 
plants  well  started  in  the  field  before  the  end  of  May  will  encounter 
dry  and  hot  weather  in  July  and  August  when  first  ready  to  bloom. 
The  flowering  period  is  one  of  special  demand  for  moisture,  and  this 
extra  demand  at  a  time  of  scanty  supply  acts  very  injuriously  upon 
the  plants.  The  buds  bUght,  either  from  lack  of  moisture  or  from 
the  attacks  of  plant  bugs  which  become  numerous  at  such  times, 
only  few  and  poor  blossoms  appear,  the  stems  and  branches  become 
hard  and  woody,  new  growth  is  scanty  and  slow  so  that  the  plants 
become  shrub-like  rather  than  luxuriantly  herbaceous,  and  are 


New  York  Agricultural  EIxperiment  Station.        687 

often  a  disappointment^  not  a  joy,  until  cooler  weather  and  fall  rains 
renew  the  plant  from  the  lower  branches  and  central  buds.  It  is 
only  on  vigorous  new  growth  that  flowers  are  produced  freely. 
With  shrubby  plants  very  severe  pruning,  almost  to  the  groimd  in 
some  cases,  is  the  most  effective  method  of  securing  bloom;  but  often 
by  the  time  the  plant  is  ready  to  blossom  again  frosty  nights  come 
and  the  chance  of  flowers  is  past  for  the  season. 

Meanwhile,  plants  starting  about  the  middle  of  June  care  for 
themselves  much  better  during  the  heat  and  drouth,  grow  without  a 
check,  and  when  late  summer  showers  stimulate  them  a  little  they 
put  forth  a  full  supply  of  buds  and  blossoms,  which  are  constantly 
renewed  until  the  plants  are  killed  by  frost.  On  such  plants  the 
foliage  may  be  blackened  considerably  and  the  open  flowers  be 
ruin^  by  frost  yet  many  buds  pass  through  without  harm  and  later 
f^ve  good  blossoms  from  the  sap  and  plant  food  held  in  the  juicy 
stems.  If  the  area  devoted  to  dahlias  can  be  of  considerable  size, 
it  is  well  to  make  a  succession  of  plantings;  for  occasionally  the  early 
plants  meet  with  no  check  and  do  magnificently;  but  "  flower  them- 
selves out "  before  the  end  of  the  season;  when  the  later  set  plants 
serve  to  extend  the  period  of  bloom. 

Soil  and  cuMvcstion. —  The  soils  best  suited  to  dahlias  are  light 
rather  than  heavy,  since  the  original  home  of  the  species  is  the  sandy 
plateaus  of  Mexico.  The  sandy  loams  of  eastern  Massachusetts, 
Connecticut,  Rhode  Island,  Long  Island,  New  Jersey  and  Maryland 
grow  the  great  majority  of  the  dahlias  produced  in  the  eastern 
United  States;  but  much  of  the  advantage  of  these  locations  is  proba- 
bly due  to  proximity  to  the  ocean,  with  its  influence  in  retarding 
frosts  and  the  apparently  stimulating  effect  of  the  cool  breezes  from 
it  during  the  fall  nights,  and  not  to  the  light  soil;  for  fine  dahlias  may 
be  grown  on  any  type  of  soil,  from  these  light  sands  to  the  heavy 
clay  on  which  those  at  the  Station  are  located. 

On  the  lighter  soils,  manure  or  other  humus-producing  materials 
should  be  introduced  to  improve  the  moisture-holding  capacity, 
while  on  the  heaviest  types,  coal  ashes,  sand,  or  bulky,  strawy  manure 
should  be  used  to  loosen  the  texture. 

Watering  should  be  avoided  if  possible,  since  any  cessation  of  the 
practice  after  the  plants  have  become  accustomed  to  constant 
moistening  will  lead  to  checking  of  growth  and  scanty  flowering. 
If  it  becomes  really  necessary  te  water,  in  order  to  cany  the  plants 
over  period  of  drouth,  a  thorough  soaking  at  weekly  or  ten-day 
intervals  should  be  the  method,  rather  than  more  frequent  sprinklings. 

On  the  sandy  soils,  it  is  frequently  necessary  to  use  nitrogenous 
fertilizers  and  phosphoric  acid  to  reinforce  the  natural  fertility; 
but  on  heavier  types  nitrogen  should  usually  be  applied  sparingly, 
if  at  all, —  and  then  just  before  blooming  time, —  lest  the  foliage 
be  stimulated  and  the  plante  go  '^  all  to  leaves,"  and  few  blossoms 
result.    It  is  really  surprising  to  see  what  a  profusion  of  bloom  is  often 
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produced  on  apparently  poor  soils  without  additional  fertilizing. 
On  any  soil  the  preliminary  plowing  and  otl^r  treatment  should  be 
deep  and  thorough,  so  that  the  tuber  or  the  roots  of  the  plants  may 
be  placed  five  or  six  inches  below  the  surface,  with  as  much  or  more 
depth  of  loosened  soil  below  to  allow  pl^xty  of  feeding  ground  for 
the  roots  and  room  for  the  formation  of  new  tubers. 

The  summer  cultivation  of  l^e  dahlia  is  simple, — like  that  of 
potatoes.  The  surface  should  be  kept  thoroughly  stirred  to  hold 
moisture  and  to  keep  down  weeds  during  the  early  growth  of  the 
plants,  turning  the  soil  toward  the  rows  at  the  last  in  order  to  keep 
the  tubers  weU  covered.  The  soil  should  at  no  time  be  allowed  to 
dry  out,  harden,  crust  or  cake,  but  by  the  middle  or  latt^  part  of 
August  the  surface  will  usually  be  so  shaded  by  the  plants,  and  the 
space  between  plants  and  rows  so  narrowed  that  further  cultivation 
is  difficult  and  ordinarily  unnecessary. 

Propagation.  —  Three  or  four  methods  are  used  for  obtaining 
dahlia  plants:  (1)  The  clumps  of  tubers  produced  in  any  season  are 
stored  over  winter  in  some  cool,  moderately  dry  place;  and  divided 
when  the  buds  or  eyes  begin  to  show  in  the  spring, —  in  March,  April 
or  May,  according  to  the  temperature  maintained  in  the  storage 
room.  It  is  not  wise  to  divide  until  the  buds  show;  as  the  dahlia 
tubers  are  unlike  potatoes  or  sweet  potatoes  since  the  eyes  are  not 
on  the  tuber,  but  on  a  collar  or  neck  which  joins  the  tuber  to  the  stem, 
or  even  on  the  stem  itself;  and  division  before  the  eyes  can  be  seen 
is  liable  to  leave  tubers  without  eyes  and  eyes  without  tubers, —  the 
first  absolutely  useless  and  the  second  practically  so,  though  expert 
forcing-house  treatment  will  occasionally  secure  a  plant  from  an  eye 
or  sprout  on  a  small  piece  of  stem.  If  eyes  are  numerous  as  compared 
with  the  number  <A  tubers  it  is  well  to  leave  two  eyes  on  each  tuber 
where  posable,  in  order  to  provide  for  accidents;  but  when  finally  in 
place  in  the  field  one  bud  to  produce  one  good  strong  stem  to  a  tuber 
is  much  better  than  more.  Some  recommend  plating  the  whole 
clump  or  half  of  it  to  secure  added  vigor,  but  the  care  and  constant 
attention  necessary  in  such  cases  to  keep  down  additional  stems 
from  the  buds  left  is  usually  not  given  and  a  plant  results  with  from 
two  to  a  doflen  stems  none  of  which  will  give  a  satisfactory  blossonL 
One  8kUk  only  in  a  place  is  bed. 

The  clumps  of  some  varieties  will  divide  easily,  particularly  when 
grown  in  li^t  soil,  so  that  little  more  than  the  fingers  may  be  nec- 
essary to  separate  the  tubers  and  spUt  the  stem;  but  ordinarily  a 
strong,  short-bladed  knife  will  be  found  most  convenient,  with  a 
mallet  to  aid  in  dividing  the  hard  dry  stalks;  or  with  some  varieties, 
especially  when  grown  in  very  heavy  soil  where  the  tubers  are  bunched 
and  stocky,  a  flat,  wide  chisel  or  a  bee-keeper's  hive  tool  will  prove 
effective,  while  a  good  stout  pair  of  pruning  shears  is  often  helpful 
after  the  first  splitting. 
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In  the  field,  each  tuber  should  be  laid  on  its  side,  at  the  bottom 
of  a  hole  or  furrow  deep  enough  so  that  the  bud  or  sprout  will  be 
five  or  six  inches  below  the  surface.  Cover  only  two  incbra  or 
so  at  first,  particularly  in  heavy  soil,  and  fill  in  as  the  plant  grows. 

(2).  Green  plants  are  grown  in  the  forcing  house.  This  method 
is  the  one  most  commonly  employed  in  establishing  commercial 
dahlia  plantations;  for  by  it  many  more  plants  can  be  secured  from 
a  clump  than  by  division.  The  clump  is  removed  from  storage  in 
February  or  March,  placed  on  the  forcing  house  bench  or  some  similar 
location,  where  it  can  be  covered  up  to  the  crown  with  sand,  lij^t 
earth,  moss,  peat  or  some  other  moisture-hdding  medium.  But  little 
or  no  water  is  used  at  first,  to  avoid  danger  of  rotting  the  tubers, 
but  a  temperature  of  about  W  should  be  maintained  to  start  the 
^es,  after  which  water  is  freely  applied  so  that  growtli  of  the  sprouts 
may  be  rapid  and  vigorous.  When  these  show  two  or  three  pairs 
of  leaves,  they  are  removed  and  used  for  cuttings,  bdng  best  started 
in  clean,  moist  sand  with  good  bottom  heat.  If  only  a  few  plants 
are  needed  a  portion  of  the  tuber  or  neck  is  cut  out  with  the  sprout, 
as  this  makes  tuber  formation  by  the  new  plant  more  certain;  but 
if  many  plants  are  needed,  the  cuttings  are  removed  slightly  below 
the  first  joint  above  the  eye,  so  that  additional  buds  and  sprouts  may 
develop  about  the  base  of  the  stem,  from  which  cuttings  can  be  made 
in  the  same  way.  It  is  often  best  to  discard  the  first  vigorous, 
stoclnr  stem,  as  better  results  are  secured  from  the  slenderer  sprouts 
that  follow. 

In  preparing  the  cutting  for  the  sand,  the  stem  should  be  cut 
with  a  sharp  knife  close  below  or  through  the  base  of  tiie  joint 
to  insure  early  rooting  and  subsequent  tuber  f(H-mation.  If  the 
cut  is  made  too  far  from  the  joint  only  small  fibrous  roots  are  pro- 
duced, without  good  tubers  to  carry  over  the  next  winter.  The 
lowest  pair  of  leaves  should  also  be  trimmed  off  close  to  the  stem. 
The  cutting  is  then  placed  nearly  up  to  the  second  pair  of  leaves 
in  clean  sand  on  the  bench  or  elsewhere  where  a  bottom  heat  (rf  about 
70^  is  maintained.  The  soil  diould  be  kept  moist,  not  wet,  careful 
attention  should  be  paid  to  the  ventilation,  as  stagnant  air  is  fatal, 
and  the  plants  should  be  shaded  from  the  sun.  The  plants  should 
be  rooted  in  about  three  weeks  and  can  then  be  grown  in  pots  or 
flats  until  needed  for  field  setting,  with  the  usual  precautions  to 
prevent  "  legginess,"  etc. 

Plants  thus  grown  do  fully  as  well,  if  not  better,  than  those  from 
tubers  planted  in  the  field,  so  far  as  flower  production  is  concerned; 
but  sometimes  fail  to  make  tubers  that  are  satisfactory. 

(3)  In  England,  particularly,  plants  so  produced  or  those  from 
cuttings  taken  later  in  the  season  from  larger  plants,  are  grown  in 
pots  of  small  sisse  until  they  flower  and  fonn  small  tubers  which 
mature  normally  and  are  then  held  until  the  following  spring. 
Storage  problems  are  thus  simplified  and  these  small  "  polr-roots '' 
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can  be  transported  long  distances  at  slight  expense.  They  make 
just  as  good  plants  as  tubers  many  times  their  size;  and  produce 
normal  tubers  for  storage. 

Sometimes,  when  a  very  choice  variety  is  to  be  developed  rapidly 
for  distribution,  cuttings  made  from  the  tubers  are  grown  into 
plants  and  second  cuttings  from  those  plants  are  grafted  on  tubers 
or  pieces  of  tubers  of  other  varieties.  The  stem  of  the  cutting 
is  trimmed  to  a  triangular  wedge  shape,  fitted  to  a  corresponding 
cut  in  the  rooted  tuber  and  held  there  with  raffia.  The  tuber  is  then 
potted  and  union  of  the  two  parts  stimulated  by  bottom  heat. 

(4)  Dahlias  are  easily  grown  from  seed,  but  the  results  are  generally 
disappointing,  even  with  singles,  which  are  best  adapted  to  this 
style  of  propagation  since  they  are  ordinarily  grown  for  garden 
decoration  where  perfection  of  flower  is  not  so  essential.  With 
other  types,  however,  the  percentage  of  good  kinds  from  seedlings 
is  so  very  small  that  any  one  but  the  enthusiast  or  the  professional 
breeder  soon  becomes  discouraged. 

Breeding  dahlias  has  been  to  quite  an  extent  left  to  chance,  since 
band  pollination  and  scientific  control  are  difficult  with  flowers  of 
this  character.  The  usual  method  has  been  to  plant  the  varieties 
it  was  hoped  to  cross  side  by  side  and  leave  the  actual  crossing  to 
wind,  bees  and  other  insects.  However,  a  method  has  been 
announced  by  the  Bureau  of  Plant  Industry  of  the  U.  S.  Department 
of  Agriculture,  whereby  pollination  can  be  controlled  by  washing  out 
the  pollen  from  the  female  parent  by  a  spray  of  water,  introducing 
pollen  of  the  chosen  male  parent  and  bagging  the  flower. 

If  seedlings  are  to  be  grown,  the  seed  shoidd  be  started  in  March 
in  shallow  trays  or  pans  in  a  forcing  house  or  where  similar  con- 
ditions can  be  secured,  with  bottom  heat  if  possible.  When  the 
httle  plants  appear  the  flats  should  be  placed  in  strong  diffused 
light,  not  in  direct  sunlight.  The  plants  are  pricked  out  into  deep^ 
trays  or  pots  when  the  second  pair  of  leaves  is  showing  and  the 
subsequent  treatment  is  like  that  of  plants  from  cuttings. 

Marchnsown  seeds  should  flower  in  ample  time  to  allow  the  grower 
to  select  the  varieties  he  desires  to  test  again,  and  store  the  tubers. 

Planting  and  training, —  The  dahlia  makes  a  large  plant  and  must 
be  given  plenty  of  room.  A  very  few  varieties  wiU  allow  setting 
2i  X  2i  feet,  or  2^  feet  in  the  row  in  field  culture  with  rows  3  or  4 
feet  apart;  but  the  great  majority  of  the  kinds  should  not  be  set 
closer  than  4  by  4  feet  if  the  grower  expects  to  work  round  them 
at  all  during  late  summer,  or  to  have  ready  access  to  them  for 
gathering  the  flowers;  and  with  some  kinds  4  by  5  or  even  5  by  5 
is  advisable  for  greatest  convenience. 

If  plants  are  grown  normally  some  system  of  staking  or  supporting 
with  wires  is  almost  essential  to  prevent  severe  damage  from  storms; 
but  in  commercial  field  culture  this  is  precluded  by  the  expense. 
In  such  fields  the  plants  are  placed  quite  close  together,  to  give 


New  York  Agricultural  Experiment  Station.         691 

mutual  support  and  protection,  and  are  made  to  grow  short  and 
stocky  by  removing  the  terminal  bud.  When  two  or  three  pairs 
of  leaves  have  developed,  the  bud  between  the  upper  pair  is  pinched 
out,  stopping  further  extension  of  the  main  stalk.  This  throws 
the  strength  of  the  plant  into  the  lower  stem  and  side  branches,  so 
that  they  resist  wind  and  rain  much  better;  but  it  delays  flowering 
slightly,  since  the  blossom  from  the  terminal  bud  is  the  first  to  open. 
If  the  tubers  or  plants  are  set  deeply,  so  that  the  lower  part  of  the 
stem  is  firmly  held  by  the  soil,  and  a  good  stocky  growth  is  secured, 
the  unsupported  plants  do  fairly  well;  but  under  many  conditions 
the  side  branches  split  off  and  lie  on  the  ground  so  that  the  flowers 
are  not  well  displayed. 

To  secure  specially  large  flowers,  thinning  and  disbudding  are 

necessary,  particularly  with  the  show  and  fancy  types,  which  normally 

blossom  too  freely  to  produce  flowers  of  maximum  size.    If  such 

blooms  are  desired,  the  center  bud  should  be  left  and  not  more 

than  six  or  eight  side  branches  should  be  allowed  to  grow,  both 

stem  and  branches  being  supported  by  tying  to  stakes  or  wires. 

All  second  shoots  on  the  side  branches  should  be  pinched  out  except 

a  few  near  the  terminal  bud  to  continue  the  flowering  after  the  large 

blossoms  have  been  removed.    The  same  practice  may  be  followed 

with  the  decorative  and  peony-flowered  types,  but  as  these  are 

usually  not  quite  so  free  blooming  as  the  ballnshaped  types,  it  is 

not    generally   considered  necessary;     When  severe  disbudding  is 

done,  by  growing  to  practically  a  single  stem,  as  with  exhibition 

chrysanthemums,  some  huge  blossoms  are  secured,   yet  without 

coarseness.    Cactus  dahlias  also  may  be  increased  in  size  by  judicious 

disbudding,  but  unless  the  flowers  are  for  exhibition  this  is  hardly 

an   advantage,  as  many  cactus  varieties  have  too  much  of  the 

"  bashful,"  nodding  habit,  which  extra  large  size  of  blossoms  may 

intensify.    Single  dahUas,  except  with  a  few  large  sorts  of  the  Century 

type,    collarettes,  and  pomp<ms,  are  seldom  or  never  disbudded, 

but  the  plants  are  allowed  to  branch  and  flower  as  freely  as  possible 

to  make  attractive  garden  specimens. 

In  cutting  for  bouquets  or  other  floral  uses,  the  work  should  not 
be  done  in  the  middle  of  the  day,  but  preferably  in  the  morning,  or 
in  the  evening.  The  cut  flowers  should  be  **  hardened  "  by  removing 
much  of  the  foliage  from  the  stems,  immersing  these  almost  to  the 
blossom  in  water  and  keeping  them  in  a  cool  place  until  the  first 
wilting  due  to  the  cutting  has  disappeared.  With  hard-stemmed 
lands  there  is  an  apparent  advantage  in  placing  the  steins  first  in 
water  nearly  as  hot  as  the  hand  will  bear,  allowing  them  to  remain 
until  the  water  has  cooled  and  then  removing  to  fresh  cold  water  to 
which  a  teaspoonful  of  salt  to  a  gallon  has  been  added.  Water  not 
quite  so  warm  should  be  used  with  softer-stemmed  flowers. 

With  many  varieties  of  dahlias  sacrifice  of  buds  is  often  neces- 
sary in  order  to  secure  satisfactory  steins;  but  is  ordinarily  not  to 
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be  deplored,  since  the  dahlia  responds  very  pF(Hxq>tly  and  freely  to 
such  trimming  and  renews  the  show  of  flowers  qmoUy  if  the  plants 
are  in  good  conditicm.  In  all  cases  it  is  desirable  to  remove  ¥Fithered 
and  old  flowers  before  seed  formation. 

All  dahlia  blossoms  should  be  cut  before  they  have  quite  reached 
their  best,  unless  for  exhibition,  and  singles,  which  are  quite  short- 
lived, should  be  tak^i  before  they  are  fuUy  unfolded,  to  insure  satis- 
factory retention  of  petals*  The  pompon,  show  and  fancy  types 
last  longest  after  cutting,  although  many  of  the  decoratives  aie 
excellent  in  this  regard  and  some  of  the  cactus  and  peony-floweied 
t3rpes.  The  singles  are  not  good  for  continuous  use  in  bouquets  as 
the  petals  drop  soon  after  cutting,  if  fully  opened  flowers  are  chosen. 
The  beauty  and  daintiness  of  these  flowers  render  them  admirable, 
however,  f<»r  vase  decoration  for  a  dinner  or  a  reception;  and  their 
freedom  of  bloom  makes  the  frequent  refilling  of  the  vases  in  home 
decoration  very  easy.  Collarette  dahlias  seem  to  withstand 
wilting  and  hold  their  petals  much  better  than  the  singles  althoui^ 
apparently  differing  from  them  so  slightly. 

Unfortunately,  too  many  of  our  handsomest  cactus  and  peony- 
flowered  dahlias  are  either  weak-stemmed,  requiring  wiring  for  vase 
or  bouquet  use,  or  are  too  soft  in  texture  to  ''  hold-up ''  well  after 
cutting.  Breeders  are  now  working,  with  success  in  sight  in  several 
cases,  to  overcome  these  faults,  so  we  may  soon  hope  to  have  many 
varieties  as  satisfactory  in  these  reBpeoita  as  they  are  in  coIch:  and 
form. 

Pests. —  Fortunately,  the  dahlia  has  few  serious  pests  to  contend 
with,  thou^  numerous  diseases  and  insects  may  at  times  cause 
annoyance. 

No  diseases  are  discussed  in  any  of  the  published  worics  on  the 
dahlia;  but  the  tubers  occasionally  rot  in  the  field,  though  more 
frequently  in  storage,  from  the  attacks  of  fungi;  recent^  there 
has  been  reported  from  various  sections  a  peculiar  dwarfing  or 
stunting  of  plants  from  some  unknown  cause,  probably  from  objure 
ph3rsiologic£d  disturbance  or  from  weather  injury;  and  powdery 
mildew  sometime  affects  leaves  and  stems  in  late  summer.  This 
last  trouble  yields  readily  to  spray  treatment. 

Insects  and  some  other  low  forms  of  animal  life  are  far  more 
troublesome;  but  ordinarily  not  serious  m^iaoes  to  dahlia  culture. 

In  moist  seasons  and  in  localities  where  slugs  have  become  ccnnmon, 
they  are  frequently  very  annoying,  as  they  may  eat  the  bud  or  the 
tender  sprout  below  ground,  or  scn^w  the  outer  surface  of  the  lower 
stem  until  it  is  practically  girdled  and  the  plant  dies.  They  also 
occasionally  climb  the  stem  and  feed  on  the  younger  leaves.  As 
they  are  most  active  at  night  and  crawl  into  holes  or  crevices  in  the 
groimd  or  hide  under  stones  or  lumps  of  earth  during  the  day,  it  is 
necessary  eiihex  to  hunt  them  after  sundown  with  a  light  ot  to  adc^t 
preventive  measufes.    In  capturing  thmn,  a  stick  wit^  a  Hamipg 
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needle  in  the  end  is  an  effective  weapon,  froak  which  they  may  be 
dropped  into  a  can  partly  filled  with  kerosene.  They  may  be  driven 
from  the  ground  about  the  plant  by  using  a  dilute  solution  of  ammo- 
nium carbonate  (0.75  per  ct.)  to  wet  the  earth  over  a  small  area, 
and  then  captured;  and  it  is  probable  that  lime-sulphur  solution 
would  act  in  the  same  way.  Tney  sue  very  fond  of  bran,  so  handf uls 
of  this  may  be  used  as  traps  to  collect  from,  or  a  pcHsoned  bran  bait 
might  prove  effective  where  it  could  be  used  safely.  Should  slugs 
ever  become  numerous  enough  to  threaten  the  foliage,  q>raying  with 
arsenate  of  lead  would  be  desirable.  A  few  lettuce  plants  among 
the  dahlias  make  attractive  food  for  the  slugs  and  may  prevent 
injury  to  the  plants.  Lime  or  dry  ashes  or  nf^thalene  scattered  in 
a  small  circle  about  the  plant  will  keep  slugs  away,  but  the  first  two 
lose  much  of  their  effectiveness  when  wet. 

The  tarnished  plant  bug  becomes  a  serious  pest  during  dry,  hot 
summers  when  the  succulence  of  the  dahlia  buds  and  blossoms  tempts 
them  from  other  food  plants.  When  conditions  have  been  right  for 
the  increase  of  these  small  gray-brown  bugs  (hght  green  in  early 
stages)  they  may  cause  the  blighting  or  deformation  of  almost  every 
bud  by  piercing  the  flower  stauc  or  the  base  of  the  bud  itself,  and 
may  spot  and  ruin  the  petals  of  the  buds  that  do  open.  Little  can 
be  done  to  control  these  pests  as  they  are  sucking  insects,  so  not 
subject  to  poisoning,  and  too  alert  and  lively  in  mov^nents  to  make 
spraying  with  cont^t  insecticides  practicable.  The  only  thing  to  do 
is  to  protect  very  choice  plants  or  blossoms  with  cIose*mesh  netting 
and  to  await  the  disappearance  of  the  insect,  which  usually  accom- 
panies the  cool  September  night& 

The  red  spider  and  black  and  green  aidiids  are  sometimes  trouble- 
some, but  can  easily  be  controlled  by  spraying,  the  former  with  cold 
water  merely,  the  latter  with  a  weak  nicotine  or  strong  soap  soluti<»i. 

Borers  occasicxially  work  in  the  stalks,  but  can  usually  be  removed 
without  harm  to  the  plant  if  the  injury  is  noticed  in  time,  by  splitting 
the  stalk  with  a  sharp  knife  and  lulling  the  borer. 

During  1915  the  Station  collection  suffered  not  only  from  slugs 
and  tarnished  plant  bugs  but  also  quite  seriously,  in  August  and 
September,  from  the  ravages  of  a  small  black  Capsid,  which  worked 
deep  in  the  heart  of  the  flower,  from  the  striped  cucumber  beetle 
and  the  beetle  of  the  southern  com  root  worm  and  from  grasshoppers; 
but  these  insects  have  not  been  reported  as  menacing  dahlias  else- 
where. 

Ccare  of  tubers.  —  Dahlia  tubers  should  not  be  dug  until  they  have 
matured  as  much  as  possible,  but  must  not  be  left  in  the  ground 
long  enouf^  to  be  in  danger  of  freezing.  The  plants  are  often  lightly 
touched  by  frost  in  September  or  early  October,  but  are  not  ordinarily 
injured  severely  imtil  late  October.  They  should  stand  for  a  few 
days  after  killing  frost  to  aUow  the  tubers  to  utilize  the  plant  food 
in  the  stems.    l%e  stems  should  then  be  cut  off,  with  pruning  shears, 
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com  cutter,  grass  hook  or  similar  tool,  close  to  the  surface  of  the 
ground,  which  will  leave  from  four  to  six  inches  of  stem  attached  to 
the  clump.  The  clumps  should  then  be  lifted  with  spade  or  spading 
fork,  inserting  the  tool  in  the  ground  at  least  eight  inches  from  the 
stem,  since  the  tubers  of  many  varieties  extend  far  out  into  the  soil. 
The  loose  dirt  may  be  remov^  from  the  clump  by  jarring  if  the  soil 
is  hght,  or  by  means  of  a  blimt-pointed  stick  if  the  soil  is  heavy  and 
closely  packed  about  the  tubers.  It  is  only  necessary  to  remove 
enough  to  make  handUng  the  clumps  easy,  as  some  dirt  about  the 
base  of  the  stem  is  an  advantage  if  stored  in  dry  places.  The  clumps 
should  be  exposed  to  sim  and  air  for  a  few  hours  to  remove  surplus 
moisture  and  then  removed  to  winter  quarters. 

The  storage  room  should  be  moderately  dry  and  with  a  temperature 
ranging  between  40°  and  50®  if  possible,  under  which  conditions  it  is 
only  necessary  to  place  the  clumps,  with  the  stems  down,  in  boxes, 
barrels  or  bins,  or  in  a  loose  pile  on  the  floor  of  the  cellar  or  other 
storage  room.  The  smaller  clumps  should  be  placed  at  the  bottom 
where  there  is  least  danger  of  drying  out,  and  the  heavy-tubered, 
succulent-stemmed  clumps  on  the  outside  of  the  pile.  If  the  tem- 
perature is  liable  to  rise  much  above  50°  for  any  considerable  time 
or  if  other  conditions  tend  to  drying  out  of  the  tubers,  the  clumps 
should  be  buried  in  moist,  not  wet,  sand,  fine  coal  ashes,  sawdust 
or  similar  materials  which  will  aid  in  maintaining  uniform  conditions 
and  prevent  shriveling  of  the  tubers  from  drjrmg.  Any  excess  of 
moisture  should  be  avoided,  as  favoring  the  growth  of  rot-producing 
fungi. 

If  the  tubers  on  any  of  the  plants  are  very  small,  they  should  be 
kept  separately,  and  buried  in  sand,  which  is  moistened  occasionally 
to  keep  the  tubers  in  good  plump  condition.  A  good  method  of 
moistening  is  to  cover  the  sand  with  two  or  three  layers  of  heavy 
p>aper,  hke  builders'  paper,  and  soak  this  thoroughly  with  water. 
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I.    INSPECTION  OF  AGRICULTURAL  SEEDS. 

Part  I  of  this  Bulletin  givee  the  results  of  the  analyses  of  the 
official  samples  of  agricultural  seeds  collected  during  the  year  1914. 
These  samples  were  collected  under  the  provisions  of  Article  15  of 
the  Agricultural  Law  and  weie  tranamitted  for  analysis  to  the  Di- 
rector of  the  N«ff  Yorit  Agricultural  Experiment  Statioa,  in  aceord- 
ance  with  the  provisions  of  Section  341  of  said  law. 

These  analyses  and  o&ot  additional  information  are  published  by 
the  Director  in  accordance  with  said  Section  341.  Article  15  of  the 
Agricultural  Law,  or  what  la  known  as  the  "  Seed  Law  "  will  be  found 
below,  printed  in  full. 

Following  the  tables  are  ^Tem,  (1)  the  method  of  analyas  employed 
in  in  airing  these  tests,  (2)  the  requirements  of  the  agricultural  seed 
law,  and,  lastly,  (3)  a  discussion  of  the  results  of  the  inspection  of 
seeds  and  its  significance  to  New  York  farmers. 

PBonaioNe  op  ihe  aqricui/fural  law  rxlaittk  to  tbb 

INSPBCnON  Aia>  BALE  OP  AORICmiTCIUX.  SBBDS. 

ARTtCUt  IS  OF  THE  AOMCm.TURAL  LAW. 

mspBcnon  ahd  sale  of  s^ds. 

Section  340.    Inspection  and  sale  of  seeds. 

341.    Samples,  puldtcation  of  results  of  exandnation. 

§  340.  Inspection  and  sole  of  seeds.  Within  the  meaning  of  thb 
uiicle  "agricultural  seeds"  are  defined  as  the  seeds  lA  alfalfa, 
Canadian  blue  grass,  Kentucky  blue  grass,  alsike  clover,  crimson 
clover,  red  clover,  white  clover,  vetch,  orchard  grass,  rape,  red  top, 
and  timothy  which  are  ta  be  used  for  sowing  or  seeding  purposes. 
No  person,  finn  or  corporation  shall  aeil,  offer,  e:qx>se  or  have  in 
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§  341.    Samples,  publication  of  results  of  ezamination.     The 

oommissioner  of  agriculture  or  his  duly  authorized  representatives 
shall  take  samples  of  seed  in  triplicate  in  the  presence  of  at  least 
one  witness  and  in  the  presence  of  such  witness  shall  seal  such 
samples  and  shall  at  the  time  of  taking  tender,  and  if  accepted, 
deliver  to  the  person  apparently  in  chai^ge  one  of  such  samples; 
one  of  the  other  samples  the  conunissioner  of  agriculture  ^all  cause 
to  be  analyzed.  The  director  of  the  New  York  agricultural  experi- 
ment station  shall  analyze  or  cause  to  be  analyzed  such  samples  of 
seeds  taken  under  the  provisions  of  this  article  as  shall  be  submitted 
to  him  for  that  purpose  by  the  oommissioner  of  agriculture  and 
shall  report  such  analysis  to  the  commissioner  of  agriculture,  and 
for  this  purpose  the  New  York  agricultural  experiment  station  may 
employ  experts  and  incur  such  expenses  as  may  be  necessary  to 
comply  with  the  requirements  of  this  article.  The  result  of  the 
analysis  of  the  sample  or  samples  so  procured,  together  with  such 
additional  information  as  circumstances  advise,  shall  be  published 
in  reports  or  bulletins  from  time  to  time. 


REPORT  OF  ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  BY  THE 
COMMISSIONER  OF  AGRICULTURE  DURING  1914. 

• 

2; 

Kind  of  eeed,  brand  or  tnuie  name,  name  of  dealer, 
and  place  of  ooUeotion. 

CoMPOsmoN. 

Fot^rioi 

eeeci. 

Peroent- 

ageof 

inert 

matter. 

Pure 
seed. 

1037 

Alfaita: 
Alfalfa 

Ptrd. 
.04 

.04 
.04 
.02 
.22 
.08 
.04 
.18 
None 

PbtH. 

.14 
.71 
.21 
.14 
.36 
.24 
.06 
.19 
.06 

P^rel. 
09.82 

1658 

Maurer-Haap  Co.,  Rochester. 
Alfalfa 

99.25 

519 

D.  L.  Ramaey,  Auburn. 
Alfalfa 

99.75 

850 

E.  N.  Dexter  ft  Co.,  Morrkville. 
Alfalfa 

ittr  •04 

1268 

Hankaline  H.  CoIUdb,  Mertinflia. 
Alfalfa 

99.42 

1S57 

Geo.  W.  Peck  Co.,  Pexm  Yan. 
AKalfa 

99.68 

1409 

Wm.  L.  Potvin,  Hudson  Falls. 
Alfatfa 

99.30 

1436 

Clyde  Fanners  Exchange,  Clyde. 
Alfalfa 

99.63 

1476 

Wm.  H.  Ferguson  ft  Son,  Elmira. 
Alfalfa 

99.94 

John  H.  Westerman,  Walden. 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  {eontinved). 


Kind  of  seed,  brand  or  trade  name,  name  of  dealer, 
and  plaoe  of  collection. 


1652 

1446 

1464 

836 

812 

831 

1029 

1034 

1660 

1656 

627 

1045 

1402 

929 

1429 

1655 

930 

1158 

1416 

1503 
809 
813 
818 


Alfalfa  (continued): 
Alfalfa 

Dean  Dillingham  &  Co.,  Auburn. 
Ace 

Merton  Baldwin,  Wellsburg. 
Ace 

Matthews  &  Hamson,  KingBton. 
Anchor 

Wm.  Hamilton  &  Son,  Caledonia. 
Berry 

Dorchester  &  Rose,  Geneva. 
Best 

Edward  C.  Reeves,  Palmyra. 
D.B 

E.  F.  Dibble,  Honeoye  Falls. 
Empire 

Burr  A  Starkweather  Co.,  Rochester. 
Empire 

T.  C.  McCormick  &  Son,  Kings  Ferry. 
Fancy 

Auburn  Flour  A  Feed  Co.,  Auburn. 
Fancy 

Frank  T.  Benjamin  A  Co.,  Canastota. 
Fancy 

G.  W.  Hickox  &  Son,  Batavia. 
Fancy 

Marshall,  Barrick  Co.,  Inc.,  Lyons. 
G 

Chas.  F.  Saul,  Syracuse. 
Gaudy's 

Fred  Smith,  Elmira. 
Onondaga 

Auburn  Flour  &  Feed  Co.,  Auburn. 
Onondaga 

Chas.  F.  Saul,  Syracuse. 
Pine  Tree 

A.  J.  Schweinsberg,  Boonville. 
Pine  Tree 

Gipson  Mead,  Savannah. 

Albike  Clover: 
Alsike 

John  R.  Hunt,  Ellenville. 
Alsike 

R.  A.  Mather,  Canandaigua. 
Alsike 

William  Wilson,  Geneva. 
Alsike 

Joseph  Irelimd,  Perry. 


COMPOeiTXON. 


i'oreicn 

Percent- 
age of 
inert 
matter. 

Perct. 

Peret. 

.08 

.32 

.02 

.10 

.04 

.03 

.08 

.02 

.04 

.12 

.11 

.20 

.12 

.02 

.08 

.14 

.04 

.18 

.60 

.88 

.04 

.16 

.12 

.46 

.12 

.04 

.04 

.20 

.01 

.11 

.06 

.24 

.04 

.06 

.18 

.10 

.04 

.10 

6.28 

.34 

1.92 

1.10 

7.97 

,80 

2.81 

.50 

Pure 


Perct. 
99.60 

99.88 
99.93 
99.90 

W  .o4 

99.60 
99.86 
99.78 
99.78 
98.52 
99.80 
99.42 
99.84 
99.76 
99.88 
99.68 
99.90 
99.72 
99.86 

90.58 
96.96 
91.23 
96.69 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (continued). 


m 

Kind  of  seed,  brand  or  trade  name,  name  of  dealer, 
and  plaoe  of  ooUecUon. 

COU  POSITION 

f. 

Foreign 
seed. 

Percent- 
age of 
inert 

matter. 

Pure 
seed. 

833 

Albikb  Clover  (continued): 
Abike 

Peret. 
1.25 

1.28 
2.56 
1.31 
1.82 
5.97 
7.08 
7.92 
2.00 
3.34 
5.55 
3.12 
7.12 
2.25 
5.50 
10.56 
1.62 
2.25 
6.04 
6.50 
3.50 
1.40 
3.45 

• 

'    1.65 

Peret. 

1.65 
.25 
.15 
.20 
.40 
.55 
.92 
.42 

1.00 
.47 
.17 
.50 
.47 
.85 
.75 
.57 
.10 

1.35 

1.35 
.25 
.75 
.17 
.70 
.25 

Peret. 

97.10 

1014 

Wm.  Hamilton  dt  Son,  Caledonia. 
AWke 

98.47 

1013 

BrewBter,  Crittenden  A  Co.,  Rochester. 
Akike 

97.29 

1018 

Brewster,  Crittenden  A  Co.,  Rochester. 
AVriIre .    

98.49 

1022 

Brewster,  Crittenden  dt  Co.,  Rochester. 
Alsike 

97.78 

1291 

Albert  W.  Gilman,  Rochester. 
Alsike 

93.48 

1275 

Geo.  W.  Peck  Co.,  Bath. 
Alsike 

92.00 

1473 

Geo.  W.  Peck  Co.,  Cohocton. 

91.66 

1404 

J.  W.  Matthews  k  Co.,  Newburgh. 
Alsike 

97.00 

1355 

Philip  Deuchler  k  Son,  Lyons. 

96.19 

1015 

Wm.  L.  Potvin,  Hudson  Falls. 
Alflike 

94.28 

847 

Brewster  Crittenden  &  Co.,  Rochester. 

96.38 

842 

John  De  Frine,  Williamson. 

Alsjke 

92.41 

1298 

Harvey  k  Howes,  Ionia. 
Alsike 

96.80 

1267 

Geo.  W.  Rockwell,  Horseheads. 
Alsike 

93.75 

413 

Geo.  W.  Peck  Co.,  Penn  Yan. 
Alirik« 

88.87 

1279 

C.  E.  Pahner,  Ransomville. 
AWVti^ 

98.28 

1401 

Clarence  J.  Tiemey,  Wallace. 
AlffikA 

92.61 

1203 

Beekman,  Clary  k  Van  liew,  Dundee. 
AWV« 

92.61 

1155 

W.  G.  HiU,  Attica. 

93.25 

1046 

A.  J.  Schweinsberg,  BoonviUe. 
Ace 

95.66 

1553 

G.  W.  Hiokox  k  Son,  BaUvia. 

98.43 

1283 

G.  L.  Dana,  CoMeskilL 
Ace 

95.85 

1467 

Tucker  k  line,  Wallace. 

98.10 

Matthews  k  Harrison,  Kingston. 

1 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED 

{wnUwm 

D. 

i 

' 

Kind  of  seed,  brand  or  trade  name,  name  of  dealer, 
and  plaoe  of  ooUeotion. 

CoMPoanioK. 

Forocn 

Peroent- 

ageof 

inert 

matter. 

Pure 

830 

AunoB  Cloveb  (eofiHnu^: 
Ben 

Ptrct. 
5.60 
1.52 
7.02 
9.12 
5.50 
1.28 
1.15 
4.06 
.50 

• 

2.79 
1.44 
2.72 
3.62 
3.90 
1.40 
6.82 
6.76 
.96 
2.2i 
8.17 
1.86 
3.98 
2.36 

PereL 
.04 
.26 
.60 

3.66 
.40 
.76 
.11 

1.00 
.10 

.46 
1.46 
.16 
.60 
.69 
.36 
.» 
.39 
.96 
.10 
.38 
.90 
.38 
.66 

PeteL 
94.86 

1442 

Edward  C.  Reeves,  Palmyra. 
Beet 

98.28 

1297 

William  T.  Colemaii,  Ebnm. 
Choice  CM 

92.38 

1438 

William  M.  Killigrew,  Coming. 
Choice 

87.23 

1406 

William  H.  Ferguson  A  Son,  ElminL 
Choioe 

94.10 

1030 

Clyde  Farmers  Exchange,  Clyde. 
D.  B 

97.97 

1661 

E.  F.  Dibble,  Honeoye  Falls. 
Diamond 

98.74 

1601 

David  C.  Lawyer,  Cobleskill. 
Fancy t - 

94.96 

1411 

C.  D.  Wait,  Montgomery. 
Fancy 

90.40 

1260 

Alfred  R.  Ketohnm   &   Daniel  P.   Maloy, 
Clyde. 
Fancy .• . . . 

96.76 

1038 

Horton  de  Ciosin,  Penn  Yan. 
Fancv. : 

97.11 

806 

*  wwaxtj  .•.•..••••.••..•••.•■•«.......•.■•.• 

Fancy 

97.13 

1430 

Perry  C.  Shafer  Co.,  Brockpwt. 
Gandy'ff t .« .  — 

95.78 

1288 

Gem • 

95.60 

1413 

Avoca  Haidware  Co.,  Avooa. 
Globe 

98.26 

1154 

92.68 

626 

A.  J.  Sohweinsberg,  Booaville. 
No.  10 

92.96 

1036 

96.09 

1457 

Burr  k  Starkweather  Co.,  Rochester. 
Reliable 

97.66 

1163 

Reliable 

96.48 

1207 

C.  H.  Payae,  Stittville. 
Safe 

97.26 

829 

Stnctiv  Pnme , . . ,  t  t 

96.64 

1403 

Crane,  Luce  k  Co.,  Marion. 
Sun ! 

97.10 

i ' 

Fhihp  Deuohler  &  Son,  Lyons. 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (eondnved). 


I 


1453 
1205 
1302 


1204 
1474 
1417 
1266 
1047 

934 
1153 
1274 
1044 

927 
1356 
1050 
1478 

860 
1256 

526 
1460 

937 

938 

838 


Kind  of  seed,  brand  or  trade  name,  name  of  dealer, 
and  |>laoe  of  oolleotion. 


Albiks  Cloyxb  (continued) : 
Vicar 

L.  R.  WaUaoe,  Middleiown. 
Vicar 

L.  A.  Davis,  Arcade. 
Vicar 

Samuel  L.  Roulaton  k  Son,  Gouvemeur. 

Red  Cloysb: 
A.  B.  A.  Medium 

Charlee  M.  Davis,  Varysburg. 
Aoe 

W.  R.  Perkiiis  &  Co.,  Newburgh. 
Ace 

Maurice  E.  Hadden,  Savamiah. 
Ace  Medium 

Kelly  k  Corooraii,  Pemi  Yan. 
Ace  Medium 

G.  W.  Hiokox  k  Son,  Batavia. 
Ace  Medium 

Chas.  F.  Saul,  Syracuse. 
Ace 

A.  J.  Schweansberg,  Boonville. 
Amhot  Medium 

W.  H.  Clark  k  Co.,  Cohocton. 
Anchor 

S.  G.  Crump  A  Son,  Pittsford. 
Apex  Mammoth 

Chas.  F.  Saul,  Syracuse. 
Arc  Mammoth 

Wm.  L.  Potvin,  Hudson  Falls. 
Arc  Medium 

Perry  C.  Shafer  Co.,  Brockport. 
Atlas  Medium 

Kniffin  &  Hopkins,  Goshen. 
Atlas  Medium 

Weldon  F.  Weston  k  Co.,  Beacon. 
Best  Medium 

Estate  of  H.  S.  Schoonmaker,  Seneca  Castle. 
Choice  Mammoth 

Frank  T.  Benjantin  k  Co.,  Canastota. 
Choice 

Snyder  Fancher  Co.,  Middletown. 
Choice  Mammoth  Redeaned 

Chas.  F.  Said,  Syracuse. 
Choice  Medium  Recleaned 

Chas.  F.  Saul,  Syracuse. 
Climax  Manmioth 

Alex.  Davison,  Canandaigua. 

23 


CoMPosmoM 

r. 

Foreucn 
seGu. 

Peroentr 

age  of 

inert 

matter. 

Pure 
seed. 

Peret. 

Per  a. 

Peret. 

1.31 

.70 

97.99 

2.40 

.86 

96.76 

1.00 

.40 

98.60 

.64 

.24 

99.22 

.58 

.54 

98.88 

.66 

.34 

99.00 

.18 

.40 

99.42 

1.05 

.44 

98.51 

.54 

.50 

98.96 

.50 

.40 

99.10 

.04 

.10 

99.84 

.18 

.30 

99.52 

.60 

.20 

99.30 

.30 

.50 

99.20 

.09 

.46 

99.46 

1.52 

.52 

97.96 

1.80 

.44 

97.76 

.48 

.18 

99.34 

1.36 

.42 

98.22 

1.65 

.88 

97.47 

.32 

.44 

99.24 

.70 

.50 

98.80 

.34 

.35 

99.31 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (eanUnved). 


Kind  of  seed,  brand  or  tnde  name,  name  of  dealer, 
and  place  of  collection. 


Red  Cloyxb  (continued) : 
1449        Cfimax  Medium 

Ruasell  &  Co.,  Watkins. 
1039        Climax  Medium 

BriggB  Bros.,  Rochester. 
1448        Crown  Mammoth 

John  L  Ford  &  Son,  Chemung. 
1360         Crown  Medium 

Albert  V.  Brayton,  Glens  Falls. 

1025  D.  B.  Mammoth 

E.  F.  Dibble,  Honeoye  Falls. 

1026  D.  B.  Medium 

E.  F.  Dibble,  Honeoye  Falls. 
1021         Elk  Medium 

Albert  W.  Gflman,  Rochester. 
1452        Elk 

L.  R.  Wallace,  Middletown. 
804        Eureka  Medium 

Perry  C.  Shafer  Co.,  Brockport. 

1261  Eureka  Medium 

Horton  &  Crosin,  Penn  Yan. 
1256        Fancy 

Bridge  A  Wilcox,  Phelps. 
1265        Fancy 

Kelly  &  Corcoran,  Penn  Yan. 
1254         Fancy  Mammoth 

Bridge  &  Wilcox,  Phelps. 
1202         Fancy  Mammoth 

Fish,  Burns  &  Fish,  Alton. 
1657         Fancy  Mammoth 

D.  L.  Ramsey  &  Son,  Auburn. 

1262  Fancy  Mammoth 

Kelly  &  Corcoran,  Penn  Yan. 
820         Fancy  Medium 

Rowe  &  Kennedy,  Canaseraga. 
1654        Fancy  Medium 

Smith  Bros.  Seed  Co.,  Inc.,  Auburn. 
1201         Fancy  Medium 

Fii^,  Bums  &  Fish,  Alton. 
1412        Fancy  Medium 

Alfred  R.  Ketchum  A  Daniel  P.  Maloy, 
Clyde. 
1264        Fancy  Medium 

Kelly  &  Corcoran,  Penn  Yan. 
1407        Candy's  Fancy  No.  10 

PhUip  Deuchler  &  Son,  Lyons. 
1282        Candy's  Standard  ''A"  Fancy  Mammoth 

Clarence  J.  Tierney,  Wallace. 


CoMPOflmoN. 


Foreign 

oeoci. 


Per  d. 

.25 
1.80 
.32 
.86 
.63 
2.79 
.84 
.24 
.45 
1.32 
.18 
.57 
.21 
.04 
.18 
.21 


.08 
.34 
.76 

.12 
.32 
.22 


Percent- 
age of 
inert 

matter. 


Peru, 

.22 
.40 
.42 
.28 
.02 
.40 
.14 
.34 
.26 
.30 
.28 
.10 
.10 
.30 
.16 
.22 
.23 
.12 
.20 
.08 

.30 
.10 
.24 


Pure 


Perct. 

99.53 
97.80 
99.26 
98.86 
99  35 
96.81 
99.02 
99.42 
99.29 

98  38 
99.54 
99.33 
99. G9 
99.66 
99.66 
99.57 
99.08 
99.80 
99.46 
99.16 

99  58 
99.58 
99.54 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (caniinued). 


I 


Kind  of  seed,  brand  or  trade  name,  name  of  dealer, 
and  place  of  ooUection. 


1281 
1653 
1290 

926 
1289 
1296 

814 
1294 

828 
1286 

827 
1285 
1152 
1468 
1469 
1439 
1468 
1271 

848 
1272 
1443 
1276 
1277 

524 


Composition. 


Red  Clover  (continued) : 
Gandys  Standard  ''A"  Fancy  Medium 

Cliifence  J.  Tierney,  Wallace. 
Gay , 

Dean  Dillingham  &  Co.,  Auburn. 
Gem  Mammoth 

Avoca  Hardware  Co.,  Avoca. 
Gem  Mammoth 

Byron  L.  Grant  &  Son,  Cortland. 
Gem  Medium 

Avoca  Hardware  Co.,  Avoca. 
Globe  Mammoth 

Geo.  W.  Peck  Co.,  Corning. 
Globe  Medium 

John  HoUey  Bradi&h,  Batavia. 
Globe  Medium 

James  Fauoett,  Bath. 
Green  Medium 

Charles  A.  Sessions  &  Son,  Palmyra. 
Honor  Medium 

John  W.  Waters,  Avoca. 
Honor  Medium 

Tuttle  &  Co.,  Palmyra. 
Honor  Mammoth 

John  W.  Waters,  Avoca. 
Kaiser 

A.  J.  Schweinsberg,  Boonville. 
Kaiser  Mammoth 

Matthews  &  Harrison,  Kingston. 
Kaiser  Medium 

Matthews  A  Harrison,  Kingston. 
Kaiser  Manunoth 

Decker  E.  Ayres  &  Chas.  E.  Knapp,  Elmira. 
Kaiser  Mammoth 

Matthews  &  Harrison,  Kingston. 
Lion  Mammoth 

Kinmiel  Hardware  Co.,  Wayland. 
Lion  Medium 

William  H.  Paddock,  Wolcott. 
Lion  Medium 

Kimmel  Hardware  Co.,  Wayland. 
Mammoth 

Merton  Baldwin,  Wellsburg. 
Mammoth 

Clarence  J.  Tiemey,  Wallace. 
Mammoth 

Clarence  J.  Tiemey,  Wallace. 
Mammoth 

Buyea  A  Standt,  Oneida. 


Foreiioi 
seed. 


Per  et. 

.30 
1.28 
.52 
.61 
.24 
.24 
.39 
.20 
.35 
.50 
.08 
.75 
.72 
.30 
1.34 
.80 
.30 
.34 
.50 
.40 
.94 
.12 
.10 
.36 


Percent- 
age of 
inert 

matter. 


Perct. 
.16 

.50 
.34 
.51 
.30 
.44 
.32 
.21 
.25 
.30 
.16 
.13 
.50 
.46 
.88 
.32 
.46 
.15 
.56 
.26 
.30 
.54 
.31 
.66 


Pure 

BCOUa 


Perct. 
99.54 

98.22 
.99.14 
98.88 
99.46 
99.32 
99.29 
99.59 
99.40 
99.20 
99.76 
99.12 
98.78 
99.24 
97.78 
98.88 
99.24 
99.51 
98.94 
99.34 
98.76 
99.34 
99.60 
99.98 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (continvedi. 


I 


Kind  of  seed,  brand  or  trade  name,  name  of  dealer, 
and  place  of  ooUection. 


CJOMPOBRIOM. 


Peroent- 
aice  of 
inert 

matter. 


Pure 


1428 

1440 

1041 

835 

834 

839 

1042 

931 

935 

1251 

1427 

1441 

1433 

933 

936 

1461 

1462 

1300 

1299 

821 

825 

924 

859 

621 


Red  Clover  (conUnaed) : 
Mammoth 

Fred  Smith,  Elmira. 
Mammoth 

William  T.  Coleman,  Elmira. 
Mammoth 

Joeeph  FVittB,  Darien  Center. 
Mammoth 

William  Hamilton  A  Son,  Caledonia. 
Medium 

William  Hamilton  k  Son,  Caledonia. 
Mediimi 

Alex.  Davison,  Canandaigua. 
Medium 

Joseph  Fritts,  Darien  Center. 
Medium 

Chas.  F.  Saul,  Syracuse. 
Medium 

Chas.  F.  Saul,  Syracuse. 
Medium 

Chas.  E.  Zartman,  Waterloo. 
Medium 

Fred  Smith,  Elmira. 
Medium 

William  T.  Coleman,  Elmira. 
Medium -. 

William  H.  Ferguson  k  Son,  Elmira. 
Onondaga  Medium 

Chas.  F.  Saul,  Syracuse. 
Onondaga  Medium 

Chas.  F.  Saul,  Syracuse. 
Pan  American 

Everett  &  Treadwell,  Kingston. 
Pan  American  Mammoth 

Everett  &  Treadwell,  Kingston. 
Pan  American  Medium 

Geo.  W.  Rockwell,  Horseheads. 
Pan  American  Mammoth 

Geo.  W.  Rockwell,  Horseheads. 
Par  Medium 

J.  H.  Colgrove,  Canaseraga. 
Par  Mammoth 

J.  H.  Colgrove,  Canaseraga. 
Paragon 

The  Forrest  Seed  Co.,  Inc.,  Cortland 
Paragon  Mammoth 

Weldon  F.  Weston  &  Co.,  Beacon. 
PeaVme 

E.  N.  Dexter  &  Co.,  Morrisvflle. 


Per  a. 

1.14 

.54 

.42 

.14 

.76 

.20 

1.20 

1.00 

1.64 

.84 

1.77 

.40 

1.32 

.18 

.36 

.74 

.92 

1.61 

1.06 

.51 

.18 

.82 

1.84 

.19 


Perct. 

.76 
.30 
.20 
.10 
.50 
.42 
.26 
.56 
.36 
.26 
.50 
.21 
.68 
.20 
.20 
.66 
.44 
1.14 
.74 
.25 
.30 
.44 
.40 
.18 


PercL 
98.10 

99.16 
99.38 
99.76 
98.74 
99.38 
98.54 
98.44 
98.00 
98.90 
97.73 
99.39 
98.00 
99.62 
99.44 
98.60 
96.64 
97.25 
98.20 
99.24 
99.52 
98.74 
97.76 
99.63 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (eantifwed). 


Kmd  of  seed,  brand  or  trade  natiM,  name  ol  dealer, 
and  place  of  collection. 


COMVOaRIOM. 


Percent- 

afeof 

mert 

matter. 


Puro 


Rbd  Cloyxb  (continued): 

1257  Pine  Trae  Mammoth 

Horton  A  Crooin,  Pemi  Yan. 

807  PSno  Tree  Medium 

R.  A.  Mather,  Canandaigua. 

1258  Fine  Tree  Medium 

Horton  &  Croon,  Penn  Yan. 

808  Fine  Tree  ManmioUi 

R.  A.  Mather,  Canandaigua. 
1470        Phim 

J.  W.  Matthews  &  Co.,  Newburgh. 
1252        Fkemier  Medium 

Maloney  Bros.,  Waterkx). 
822        Ptemier  Medium 

J.  H.  ColgroTe,  Canaseraga. 
826        Plremier  Mammoth 

J.  H.  Colgrove,  Canaseraga. 
1406        Prime  Medium 

Philip  Deuchler  &  Son,  Lyons. 

810  Prime  Medium 

Dorchester  A  Rose,  Geneva. 

1400        Prime  Mammoth 

Philip  Deuchler  k  Son,  Lyons. 

811  Prime  Mammoth 

Dorchester  A  Rose,  Geneva. 
1278        Reliable  Mammoth 

Clarenoe  J.  Tiemey,  Wallace. 
816        Reliable  Medium 

George  C.  Broadbooks,  Attica. 
1162        Reliable  Medium 

C.  H.  Payne,  Stittville. 
1466        Reliable  Medium 

Goshen  Hardware  Co.,  Goshen. 
846        Royal  Medium 

John  De  Frine,  Williamson. 
1010        Star  Mammoth 

Brewster,  Crittenden  k  Co.,  Rochester, 
1020         Star  Medium 

Brewster,  Crittenden  &  Co.,  Rochester. 
1260         Star  Medium 

Geo.  W.  Peck  Co.,  Penn  Yan. 
10i9        Vahie  Medium 

Perry  C.  Shafer  Co.,  Brockport. 

Wbtfe  Clovsb: 

1426         White  Clover 

Geo.  W.  Peck  Co.,  Elmira. 
1416 


Pmrd. 

.21 
.78 

1.60 
.27 
.60 
.03 
.21 
.03 
.21 
.33 
.18 
,42 
.31 

1.63 
.76 

2.00 
.33 

1.17 
.81 
.40 
.18 

8.02 
1.27 


Perd. 
.06 

.02 
.40 
.14 
1.40 
.23 
.40 
.20 
.20 
.34 
.06 
.20 
.20 
.06 
.60 
.62 
.44 
.60 
.34 
.24 
.30 

.86 
.60 


Per  a. 

09.73 
09.20 
96.01 
09.60 
96.10 
09.74 
99.30 
99.77 
99.69 
99.38 
99.76 
99.38 
99.40 
97.61 
98.76 
96.49 
99.23 
98.33 
98.85 
99.36 
99.62 

91.13 
98.13 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (eonltfive^. 


Kind  of  seed,  brand  or  trade  name,  name  of 
and  plaoe  of  collection. 


1024 
1437 

1552 
1422 
844 
1502 
1425 
1431 
1659 
1031 

1032 
1423 
1432 
1444 

1040 
1410 

1458 
1157 
1654 
1421 


CoMPORnoir. 


foreun 
seed. 


SwzBT  Cloveb: 
White  BloBBom 

E.  F.  Dibble,  Honeoye  Falb. 
Yellow  BloaBom 

Wm.  H.  Ferguson  &  Son,  Elmira. 

Blub  Grass: 
Canadian 

David  C.  Lawyeri  Cobleekill. 
English,  Pooeys 

PVed.  L.  Jennings,  Elmira. 
Kentucky 

E.  F.  Dibble,  Honeoye  Falls. 
Kentucky 

John  R.  Hunt,  EUenville. 
Kentucky 

Geo.  W.  Peck  Co.,  Ehnira. 
Kentucky 

lYed  Smith,  Elmira. 
Kentucky 

D.  L.  Ramsey  A  Son,  Auburn. 
Kentucky 

E.  F.  Dibble,  Honeoye  Falls. 

Obchard  Grass: 
Fancy 

E.  F.  Dibble,  Honeoye  Falls. 
Orchard  Grass 

Fred.  L.  Jennings,  Elmira. 
Orchard  Grass 

Fred  Smith,  Elmira. 
Prime 

Merton  Baldwin,  Wellsburg. 

Rape: 
Dwarf  Essex 

Briggs  Bros.,  Rochester. 
Dwarf  Essex 

Clyde  Farmers  Exchange,  Clyde. 

Red  Top: 
Red  Top 

Snyder  Fancher  Co.,  Middletown. 
Aoe 

A.  J.  Schweinsberg,  Boonville. 
Aoe 

G.  L.  Dana,  Cobleskill. 
Aoe 

Fred.  L.  Jennings,  Elmira. 


Perct. 

.04 
.96 


2.32 

.60 

.60 

1.32 

1.45 

1.35 

.30 

.30 


.52 
1.05 
2.85 
1.85 

.04 
.04 

12.13 

1.19 

.71 

.67 


Percent- 
age of 
inert 

matter. 


Pare*. 


.15 


.46 


3.75 

.30 

12.60 

8.10 
21.05 
16.80 
22.20 

9.00 


14.65 
10.05 
19.45 
13.95 

.25 

.42 

16.68 
9.40 
8.51 

11.18 


PertL 
98.80 


93.93 
99.10 
86.80 
90.58 
77.60 
81.85 
77-50 
90.70 

84.83 
88.90 
77.70 
84.20 

99.71 
99.51 

71.19 
89.41 
90.78 
88.15 
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ANALYSES  OP  SAMPLES  OF  SEEDS  COLLECTED  (conHnuei). 


I 


Kind  of  eeed,  brand  or  trade  name,  name  of  dealer, 
and  place  of  ooUection. 


CoMPOflinoN. 


Foreign 
seed. 


Percent- 
age of 
inert 

matter. 


Pure 
seed. 


1479 
1455 
1027 
840 
861 
1206 
1471 
1424 
1414 
1445 

1263 
1435 

666 
1477 
1280 
1209 

532 
1651 
1358 

823 
1434 
1466 

530 


Bmd  Top  (eonHnued): 
B  Fancy 

Kniffin  &  Hopkiiis,  Goehen. 
Choice 

Goflhen  Hardware  Co.,  Goflhen. 
D.B.... 

E.  P.  Dibble,  Honeoye  FaOs. 

Fancy 

RitfuB  A.  Mather,  Canandaigua. 
Fancy 

Weldon  F.  Weston  &  Co.,  Beacon. 

Fancy 

MHler,  Crosier  &  Co.,  Canisteo. 
Fancy 

J.  W.  Matthews  &  Co.,  Newburgh. 

Fancy 

Geo.  W.  Peck  Co.,  Elmira. 
Gbbe 

Gipeon  Mead,  Savannah. 
Unhulled 

MerUm  Baldwin,  Wellsburg. 

TmoTBT: 
Acme 

EeUy  &  Corcoran,  Penn  Yan. 
Anchor 

Wm.  H.  Ferguson  &  Son,  Elmira. 
Arrow 

Samuel  Harley,  Grand  Gorge. 
Arrow 

Kniffin  k  Hopkins,  Goshen. 
Arrow 

Clarence  J.  Tiemey,  Wallace. 
Bard 

Miller,  Croiier  A  Co.,  Canisteo. 
Bingo 

J.  De  Ver  Rogers  k  Son,  Oxf  <Mrd. 
Bingo 

Ward  Bros.,  Moravia. 
Bingo 

A.  v.  Brayton,  Glens  Falls. 
Bingo 

J.  H.  Colgrove,  Canaseraga. 
Bkon 

Wm.  H.  Ferguson  k  Son,  Elmira. 
Bison 

Matthews  k  Harrison,  Kingston. 
Bison 

George  B.  Flstober,  Oxfocd. 


Peret. 

9.75 

1.44 

.70 

.90 

11.05 

.75 

5.37 

.65 

.50 

.61 


Perct. 

12.60 

16.10 
9.70 
5.50 

20.45 
2.57 

10.05 
6.55 
2.45 

39.00 


.05 

.05 

U9.90 

2.15 

1.35 

96.50 

.41 

.30 

99.29 

.45 

.40 

99.15 

.60 

.50 

98.90 

.50 

1.45 

98.05 

.04 

.05 

99.91 

.05 

.11 

W  .o* 

.10 

.05 

99.85 

.07 

.05 

99.88 

.85 

.75 

98.90 

.90 

1.25 

97.85 

1.10 

1.05 

97.85 

Per  a. 

77.65 
82.46 
89.60 
93.60 
68.50 
96.68 
84.58 
92.80 
97.05 
60.39 
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ANALYSES  OF  SAMPLES  OF  SEEDS  CX)LLECTED  (eonfe'nvMi). 


i 

/    — --^ ■ : : 

Ekod  of  seed,  brand  or  trade  name,  name  of  dealer, 
and  |>laoe  of  collection. 

CcMfFOornoif. 

J 
^ 

Foreign 

Percent- 
age of 
inert 

matter. 

Pun 

1419 

TniOTHT  (continued): 
Bod.  «•••••....•.••. ■..••.••■....■... 

Peret. 
.20 
.05 

.80 

.11 

.30 
.30 
.07 
.72 
1.15 
.76 
.04 
.16 
.12 
.20 
.05 
.25 
.20 
.10 
.16 
.25 
.13 
.25 
.25 
.02 

PereL 

.16 
1.16 
.86 
.10 
.30 
.40 
.10 
.10 
.70 
.4Sf 
1.36 
.36 
.25 
.10 
.25 
.16 
.25 
.47 
.17 
.30 
.19 
.22 
.06 
.30 

Perec 

00.66 

1023 

Fred.  L.  Jeniiiii0i,  Elmira. 

OOHkm ...a ■•■.. •........•.•. 

08.80 

1418 

A.  W.  Gilman,  Rooheeter. 

Ohoim. 

08.36 

633 

Maurioe  £.  Hadden,  Savannah. 
Ghoim 

00.70 

928 

Buyea  A  Standi,  Oneida. 

Oboim 

00.40 

1447 

Chas.  F.  Saul,  S^yraeuae. 
CoUmia] 

00.30 

S82 

Merton  Baldwin,  WeUsburg. 
Columbia 

00.83 

1028 

Chas.  F.  Saul,  SyraeuBe. 
D.  B 

00.18 

846 

E.  F.  Dibble,  Honeoye  Falls. 
Eiagin 

08.16 

1460 

John  De  Frine,  Williamson. 
Ef  1i|w>                          

08.77 

817 

RusseU  A  Ck>.,  Watldns. 

Fancy 

07.71 

1472 

O 

00.60 

622 

J.  W.  Matthews  k  Co.,  Newbuigh. 
Qiobe 

00.63 

1203 

Qk>be 

00.70 

1301 

James  Fauoett,  Bath. 
Qk>be 

00.70 

1287 

Odd 

90.60 

631 

Ayoca  Hardware  Co.,  Avoca. 
Gold 

00.65 

841 

€k>ld 

00.43 

1476 

Harv^  dc  Howes,  Ionia. 
Gold  Medal 

90.68 

1464 

Honor 

90.45 

1364 

Goshen  Hardware  Co.,  Goshen. 
Honor 

90.68 

1284 

Wm.  L.  Potvin,  Hudson  Falls. 
Honor x ....... , 

00.53 

1160 

John  W.  Waters,  Avoea. 
Honor 

00.70 

816 

C.  Ray  Harvey,  Remsen. 

Honor 

Georse  C.  Broadbooks,  Attioa. 

00.68 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (eonUnveii. 


mm 


Kind  of  seed,  brand  or  trade  name,  name  ol 
and  plnoe  of  coUectaon. 


Ck>iiPoarno]f. 


fanuga 


age  of 

inert 

matter. 


Pure 
seed. 


529 

1083 

1451 

1359 

1273 

1159 

858 

824 

1352 

1270 

1161 

819 

528 

667 

520 

Qiift 

1463 
1260 
806 
1466 
1303 
1295 
1156 
1017 


TncoTHT  (eoniinued): 

Honor 

French,  Mead  A  Co.,  Oxford. 
Jap * . . 

Burr  ft  Starkweather  Co.,  Rochester. 
Jap 

L .  R.  WaUaoe,  Middletown. 

TCit^g 

A  v.  Brayiton,  Gleoa  FaQs. 

Shulti  Bros.,  Cohocton. 
•Ring 

J.  R.  Dralke,  BoonviUe. 

King 

Weldon  F.  Weston  k  Co.,  Beacon. 

J.  H.  Colgrove,  Canaseraga. 
Liberty 

H.  S.  ft  J.  S.  Shippy,  Hudson  Falls. 
Liberty 

Frank  Do^»  Wayland. 
Liberty 

C.  Ray  Harvey,  Remsen. 
Liberty 

Joseph  Ireland,  Perry. 
Liberty 

French,  Mead  ft  Co.,  Oxford. 
Model 

Lucien  C.  Hatch  ft  Son,  FaUsburg. 
Onondaga 

E.  N.  Dexter  ft  Co.,  Morrisville. 
Onondan 

Fjah/Bams  ft  Fish,  Alton. 
Pan  American  Recleaned 

Everett  ft  Treadwell,  Kingston. 
Pan  American  Recleaned 

Horton  ft  Crosin,  Penn  Yan. 
Pan  American,  Recleaned 

Perry  C.  Shafer  Co.,  Brockport. 
Pine  Tree 

Matthews  ft  Harrison,  Kingston. 
Pine  Tree 

Norwood  Feed  ft  Supply  Co.,  Norwood. 
Pine  Tree 

Oscar  T.  Adsit,  Coming. 
Pine  Tree 

A.  J.  Sdhweinsberg,  BoonviUe. 

Tree 

BrewBter,  Crittenden  ft  Co.,  Rochester. 


p0reL 
.10 
.19 

.76 
.15 
.56 

.50 
.40 
.28 
.59 
.07 
.15 
.04 
.50 
.74 
.30 
.07 
.50 
.28 
.47 
.10 
.15 
.06 
.30 
.22 


Peret. 

.32 
.50 
.86 
.06 


.36 
.19 
.50 
.19 
.30 
.20 
.32 
.96 
.27 
.30 
.45 
.17 
.40 
.10 
.25 
.50 
.26 
.26 


Perd. 

99.58 
99.31 
96.30 
99.80 
99.20 
99.26 
99.25 
99.53 
96.91 
99.74 
99.55 
99.76 
99.18 
96.31 
99.43 
99.63 
99.06 
99.55 
99.04 
99.80 
99.60 
99.45 
99.45 
99.53 
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ANALYSES  OF  SAMPLES  OF  SEEDS  COLLECTED  (conliiiiied). 


I 


025 
1253 

857 
1208 
1555 
1420 
1016 
1351 

832 
1043 
1459 

837 

1048 
843 

1036 

1292 


Kiod  of  seed,  brand  or  trade  name,  name  of 
and  plaoe  of  ooUection. 


CoKPOsmcnr. 


Totem 
seed. 


Timothy  (continued): 
Pine  Tree 

The  Forrest  Seed  Co.,  Inc.,  Cortland. 
Premier 

Malon^  Broe.,  Waterkx>. 
Rex 

Weldon  F.  Weston  &  Co.,  Beacon. 
Safe 

Miller,  Crosier  &  Co.,  Canisteo. 
Square  Deal 

Hunt  &  Waahbum,  Ddanson. 
Timothy 

Fred.  L.  Jennings,  Eknira. 
Timothy 

Brewster,  Crittenden  A  Co.,  Rochester. 
Timothy 

Edgar  L.  Potter,  Fort  Edward. 
Timothy 

Wm.  Hamilton  &  Son,  Caledonia. 
Timothy 

Joeeph  Fritts,  Darien  Center. 
Timothy 

Snyder  Fancher  Co.,  Middletown. 
Winner 

L.  G.  De  Muth,  Darien. 

Vbtch: 
Hairy  Winter 

Crosman  Bros.,  Rochester. 
Hairy  Winter 

E.  F.  Dibble,  Honeoye  Falls. 

AusiKB  AND  Whitb  Clovkb: 

Fancy 

BuiT  &  Starkweather  Co.,  Rochester. 

Alsikb  anb  Timothy: 

Alsike  and  Timothy 

Geo.  W.  Peck  Co.,  Bath. 


Per  el. 
.10 
.09 
.76 
.25 
.50 
.60 
.54 
1.12 
.10 
.72 

11.61 
.10 

1.27 
1.54 
4.22 


Percent- 
age of 
inert 
matter. 


Perd. 
.35 
.12 
.55 
.15 

.80 
.15 
.30 
.80 
.25 
.45 
1.20 
.30 

.26 
.10 

.85 

3.40 


PereL 
99.55 

99.79 
98.70 
99.60 
98.70 
99.25 
99.16 
99.06 
99.66 
98.83 
87.19 
99.60 

96.76 
98.63 

96.11 

92.38 
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METHOD  OF  ANALYSIS. 

Ass^nbly  Bill  No.  628  became  a  law  (Chapter  59  of  the  Laws  of 
1914)  with  the  Governor's  signature  on  March  20,  1914.  This  bill 
amends  Section  340  of  the  Agricultural  Law  in  relation  to  seeds, 
and  changes  the  method  of  determining  the  percentum  of  foul  or 
foreign  seed  from  "  count "  to  "  weight ".  All  of  the  seed  samples 
collected  during  the  season  previous  to  March  20, 1914,  were  analyzed 
by  the  "  count "  method,  i.  e,,  the  r^ulation  weight  of  sample  was 
used  and  the  seed  impurities  counted,  as  were  also  the  crop  seeds 
in  the  sample,  and  from  these  data  the  percentage  of  foul  and  foreign 
seed  was  determined  by  the  proportional  number  of  seeds  in  the 
sample.'^  All  of  the  samples  collected  after  March  20,  1914,  were 
analyzed  by  the  weight  method,  following  as  closely  as  possible  the 
rules  and  regulations  for  seed  testing  as  adopted  by  the  Association 
of  Official  Seed  Analysts. 

REQUIREMENTS  OF  THE  AGRICULTURAL  SEED  LAW. 

The  provisions  of  the  agricultural  seed  law  relative  to  the  tag  or 
label  requirements  are  very  simple  and  exceedingly  lenient.  It  is 
merely  required  that  every  receptacle,  package,  sack  or  bag  con- 
taining any  of  the  designated  agricultural  seeds  containing  in 
excess  of  3  per  ct.,  by  weight,  of  foul  or  foreign  seeds  shall  be 
plainly  marked  or  labeled  with  the  percentage  of  such  foul  or  foreign 
seed  contained  therein.  No  restriction  is  placed  upon  the  amount 
of  inert  matter,  such  as  broken  seed,  sticks,  dirt,  sand,  chaff,  etc., 
these  agricultural  seeds  may  contain.  In  other  words,  a  lot  of  seed 
may  contain  a  very  low  percentage  of  pure  seed,  the  remaining 
percentage  being  inert  matter  and  weed  seeds,  and  still  not  require 
labeling  if  the  percentage  of  foul  or  foreign  seed  does  not  exceed 
3  per  ct.  by  weight. 

It  is  held  that  mixtures  of  seeds  containing,  as  one  of  the  principal 
component  parts,  any  of  the  seeds  named  in  the  statute  as  agricul- 
tural seeds  comes  within  the  provisions  of  the  statute,  but  the  names 
of  the  seeds  composing  the  mixture  need  not  appear  on  the  package. 
The  package  must  be  labeled  with  the  percentage  of  foul  or  foreign 
seeds  when  the  amount  of  such  seeds  exceeds  3  per  ct.  by  weight. 

*For  a  more  detailed  discuflsion  of  the  '*  count ''  method  as  applied  in  the  deter- 
minatton  of  purity  of  seeds  see  Bulletins  No.  362  and  378  of  this  Station. 
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DISCUSSION    of    the    RESULTS    OF    THE    INSPECTION    OF    SEEDS    AND 

ITS  SIGNIFICANCE  TO  NEW  YORK  FARBiERS. 

During  the  past  year  303  official  samples  of  seed  were  ooUected 
and  analyzed.  Of  these,  33,  or  10.9  per  et.  w^e  violations  of  the 
seed  law;  that  is,  they  contained  ov^  3  per  ct.  of  foul  or  foreign  seed 
and  were  not  so  labeled. 

The  fact  that  20.8  per  ct.  of  the  samples  collected  during  1912 
were  violations  of  the  seed  law  while  there  were  17.5  per  ct.  of  vio- 
lations in  1913,  and  only  10.9  per  ct.  hi  1914  seems  to  indicate  that 
the  amount  of  misnamed  seed  or  unlabeled  seed  of  poor  quality 
upon  the  market  is  decreasing. 

The  present  seed  law,  however,  affords  only  partial  protection 
since  it  does  not  require  a  reasonable  freedom  from  dodder  or  other 
noxious  weed  seeds,  or  a  certain  freedom  from  inert  matter.  Many 
of  the  most  harmful  or  objectionable  samples  of  seed  passed  the  re- 
quirements of  the  law.  Some  of  them  were  practically  worthless  for 
seeding  purposes,  but  showed  only  about  1  per  ct.  of  foreign  seeds 
present.  They  contdned  large  amounts  of  dodder  and  Canada 
thistle  seed  and  considerable  mustard  seed,  and  some  samples  con- 
sisted mainly  of  brown,  dead  and  shriveled  seeds  incapable  of  ger- 
mination. In  fact,  our  analyses  showed  42  of  the  303  samples  to 
be  composed  mainly  of  brown,  dead  and  shriveled  seeds.  Six  of  the 
red  clover  and  alfalfa  seed  samples  were  badly  infested  with  dodder. 
Two  of  the  303  samples  contained  bull  thistle  seed,  2  contained 
Canada  thistle  seeds  and  5  contained  considerable  mustard  seed, 
while  125  contained  varying  amounts  of  seeds  of  weeds  classed  as 
noxious,  thereby  making  57  of  the  samples  questionable,  26  objec- 
tionable, and  3  absolutely  worthless  for  seeding  purposes.  Twenty- 
three  of  the  samples  contained  considerable  amounts  of  chaff,  and 
10  samples  were  very  dirty  —  being  uncleaned  seed.  Several  of  the 
alfalfa  samples  gave  evidence  of  being  imported  commercial  Tur- 
kestan seed.  Only  91  of  the  303  samples  were  classified  as  goodt 
others  were  regarded  as  only  average  in  quality.  In  other  words, 
the  worthless  and  objectionable  lots  of  seed  passed  onto  the  market 
unlabeled  or  without  any  warning  as  to  their  content  of  noxious  weed 
seeds  or  other  defects.  It  has  been  {previously  pointed  out  that  the 
present  seed  law  requires  no  reasonable  freedom  from  dodd^  or 
other  noxious  weeds.    Hie  writer  is  in  possession  of  evidence  to  the 


New  York  Agricultural  Experiment  Station.        717 

effect  that  in  several  cases  dodder-laden  alfalfa  and  red  clover  seed 
was  shipped  into  this  State  from  adjoining  states  and  sold  here 
because,  owing  to  its  excessive  dodder  content,  it  could  not  be  legally 
placed  on  sale  in  those  states. 

It  is  ther^ore  evident  that  the  purchaser  of  seeds  must,  in  the 
absence  of  any  authentic  statement  concerning  the  nature  and 
amount  of  the  impurities  present,  rely  upon  his  own  ability  to  judge 
of  the  quality  of  the  seeds  he  intends  to  purchase,  or  else  have  purity 
tests  made  of  samples  of  the  goods. 

With  a  few  exertions,  all  of  the  samples  which  proved  to  be 
violations  of  the  seed  law  were  those,  of  alsike  clover  seed  containing 
more  than  3  per  ct.  of  the  seeds  of  white  clover  and  timothy,  which 
did  not  constitute  serious  defects  as  far  as  seeding  value  was  con- 
cerned. These  seeds  undoubtedly  occurred  in  the  alsike  clover  seed 
through  natural  infestation  in  the  field,  and  because  of  their  similar 
size,  shape  and  weight,  their  removal  was  a  practical  impossibility. 

Since  the  inception  of  the  present  seed  law  in  this  State  the  general 
practice  of  several  of  the  best  seedsmen  selling  goods  within  the  state 
has  been  to  label  every  lot  of  seed  sold  by  them.  Competent  seed 
analysts  have  been  employed  for  this  pmpose  and  a  reputation  for 
dependable  seeds  is  the  result  of  the  practice.  This  fact  should  be 
borne  in  mind  when  labeled  seeds  are  encountered  in  the  market, 
since  the  use  of  labels  may  not  in  all  cases  indicate  that  the  seeds 
sold  under  them  require  such  identification  to  comply  with  the  pro- 
visions of  the  seed  law. 

Purchasers  of  seeds  may  utilize  the  official  reports  to  a  certain 
extent  as  a  guide  to  the  character  of  the  seed  sold  by  some  dealers, 
and  the  uniform  grade  or  quality  of  some  brands  of  seed.  A  sum- 
maiy  of  the  analyses  of  brands  of  seed  collected  officially  during  the 
past  three  seasons  shows  that  they  are  fairly  uniform  and  in  some 
cases  represent  the  best  grades  of  seed  obtainable.  However,  brand 
names  in  the  case  of  seeds  may  not  have  the  value  which  they  have 
in  the  case  of  some  other  commodities.  Dealers  often  use  the  official 
reports  as  advartizing  matter  in  selling  their  seeds,  but  in  this  con- 
nection it  should  be  remembered  that  the  reports  upon  samples 
for  one  season  may  be  no  indication  of  the  quality  of  seed  sold 
under  the  same  name  or  by  the  same  dealer  during  the  following 
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II.  VOLUNTARY  EXAMINATIONS  FOR  CORRE- 
SPONDENTS. 

During  the  past  year,  1,155  samples  of  seed  have  been  received 
from  correspondents.  The  greater  proportion  of  the  samples  were 
those  of  alfalfa,  red  clover,  alsike  clover  and  timothy.  Many  of 
the  samples  were  entirely  too  small  for  a  dependable  analysis  and 
some  of  them  did  not  represent  fairly  the  bulk  from  which  they 
were  drawn,  that  is,  they  were  small  packets  of  specially  cleaned 
seed  put  up  for  advertizing  purposes.  Seed  should  not  be  bought 
by  sample  except  in  cases  where  the  sample  is  drawn  from  the  well- 
mixed  bulk  and  is  representative  of  the  lot  from  which  it  is  taken. 
Samples  should  be  secured  by  taking  small  quantities  from  all  of 
the  bags,  or  from  different  parts  of  any  bulk,  and  should  weigh  at 
least  two  oimces.  Such  seed  samples  should  be  accompanied  by 
a  time  limit  within  which  the  dealer  agrees  to  furnish  the  same 
seed  in  bulk. 

THE  PURITY  REPORT. 

Wh«i  interpreting  the  purity  report  one  should  consider  carefully 
the  nature  and  amount  of  impurities  found  to  be  present  in  the 
sample,  since  the  table  of  seed  impurities  which  follows  this  dis- 
cussion indicates  .that  nearly  all  of  our  weeds  are  introduced  4ipon 
the  farm  through  crop  seeds  carelessly  purchased.  The  reports 
made  on  samples  sent  in  for  testing  are  for  private  use  only  and  are 
not  to  be  used  for  advertizing  purposes,  since  they  are  presimiably 
accurate  only  for  the  sample  submitted  for  examination  and  are  not 
a  guaranty  of  the  lot  from  which  the  sample  was  taken.  The  Station 
will  refuse  to  make  tests  for  anyone  who  knowingly  or  persistently 
violates  this  regulation. 

NUMBER  OF  TESTS  AND  FOR  WHOM  MADE. 

The  number  of  seed  purity  tests  (1155)  made  voluntarily  during 
the  past  year  has  exceeded  that  of  any  previous  year.  No  tests 
have  been  made  for  seedsmen  or  seed  dealers,  since  the  Station 
cannot  assume  the  burden  of  the  analytical  seed  work  for  the  trade. 

The  fact  that  Granges,  Agricultural  Societies,  Farmers  Cooperative 
Associations  and  Farm  Bureau  Managers  have  cooperated  with  the 
seed  laboratory  by  sending  in  one  sample  from  large  lots  of  seed. 
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which  they  purchased  for  theu*  respective  organizations,  prevented 
the  number  of  samples  sent  in  for  analysis  from  being  materially 
larger.  Numerous  large  shipments  of  desirable  western-grown 
alfalfa  seed  have  been  secured  by  these  organizations  through  one 
purity  test  made  at  this  Station.  Such  a  procedure  is  commendable 
since  it  prevents  duplication  of  tests  upon  any  one  lot  of  seed,  and 
extends  the  benefit  to  be  derived  from  the  seed  laboratory  to  a  larger 
number  of  farmers. 

IMPORTED  SEED. 

The  fact  that  16.2  per  ct.  of  the  alfalfa  samples  examined  con- 
tained the  seeds  of  Russian  knapweed  (Centaurea  picris)  identifies 
such  seed  as  imported  commercial  Turkestan  seed.*  Many  other 
samples  of  alfalfa  seed  were  suspected  of  being  commercial  Turkestan 
seed  because  of  the  grayish  color  of  the  seed  due  to  a  covering  of 
finely  divided  clay  characteristic  of  this  seed.  The  Russian  knap- 
weed seeds  in  commercial  Turkestan  alfalfa  seed  are  easily  dis- 
tinguished from  those  of  alfalfa  by  their  slightly  larger  size,  wedge- 
shaped  form  and  chalky-white  color.  Tests  indicate  that  commercial 
Turkestan  seed  is  decidedly  inferior  to  the  ordinary  American 
variety  in  New  York  St^ite.  Such  seed  retails  for  a  higher  price 
than  the  common  American  variety. 

SEED  impurities. 

Of  the  alfalfa  seed  samples  examined  in  1913,  11  per  ct.  contained 
seeds  of  dodder,  while  of  those  examined  in  1914  only  6  per  ct. 
contained  dodder  seeds,  the  reduction  being  mainly  in  smallnseeded 
dodder,  indicating  the  more  frequent  use  of  cleaning  machinery. 
The  number  and  variety  of  seed  impurities,  both  foul  and  foreign, 
found  in  crop  seeds  for  sale  in  this  State  appears  to  be  gradually 
increasing,  mainly  by  the  addition  of  weeds  new  to  New  York  State. 

The  following  table  gives  a  complete  list  of  the  foreign  seeds  or 
seed  impurities  found  in  samples  analyzed  during  1913  and  1914, 
with  the  number  and  kind  of  crop  seed  samples  in  which  they  were 
found: 


*For  a  complete  discussion  of  commercial  Turkestan  alfalfa  seed  see  Bulletin 
No.  13S  of  the  U.  S.  Department  of  Agriculture,  by  Mr.  E.  M*  Brown,  Botanist 
iu  charge  of  the  Seed  Jjaboratory. 
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Tabu  II.— FomiiaN  Suds  Found  in  Sbbd  Sahflh  and  thi  Nvmbbb  un 
Kino  or  Sahpixb  ih  Wbich  Thzt  Occurbbs. 


Alaike  donr  (TTifaUum  hsbruUuH  L.) . . 

ArkftOBM  rooe  (Rota  spp.) 

Ax  eeed  {CorcmOa  (coponoufat  Eodk.}. . 

Xxyru  omoranlhotda 

BsTDyard  grss  (fieUnocAba  cnU'tfiilli  (L.) 

Bermud*  graa  (Cvnodon  daoti/Um  L.] 

Bindweed,  great  (ConnoItiJui  lepivm  L.)-  ■ 
Bird'e-foot  trefoil  (Lolua  ccrniailatu*  L.).  , . 

Black-eyed  Sueoa  (Su<iJ>«i:Ma  hiria  L.) 

Black  medick  (Mediami)  htpvlina  L.) 

Bladder  ketmia  (Hibucui  b-ionmn  L.) 

Blue  field  madder  iS/urariiia  nrwnn*  L.).. . 

Blue  gran  (Poa  spp.) 

Bull  thistle  (Ctrritm  lanettMvm  (L.)  Hill) 

Burdock  (Arettum  mtnua  Benih.) 

Buttercup  (Raminevlut  bulboivi  L.) 

Buttcreup,  bitter  (Banuncvliu  ami  L.)  — 
CunpioD,    bladdv    (Silem   UOiftMa   (Mill) 

B.  AR.) 

CampioD,  white  (I/ytknit  alba  MilL) . . . 

Campioii,  red  (Lfidmit  dioioa  L.) 

Canada  thistle  (Cirriutn  omnM  (L.)  Se 
Cacary  emm  (Phalarit  canvittuia  L.). 
Catchfly,  night  flowering  (Siient  noeUfiora  L.) 

Catchfly,  Bteepy  <8ilene  anfirrhina  L.) 

Catchfly,  fwked  iS^aie  iHAoiimia  Bbrii.  L.). 

Catnip  (NepHaealaria  L.) 

Cheoe;  cheat  (Bromv*  ««ealtnui  L.) 

Chickweed  (SkOaria  m«dia  (L.)  CyrOL) 

Chickweed,   mouae    eared    (Cenutivm  tnil- 

ffotum  L.) 

Chicory  (Cichorivm  inlybvi  L.) 

Cinquefoil  IPotetiHUa  eanaderuii  L.) 

Cinquefoil  (PotevtUla  moruptlientu  L.) 

Cinquefoil,  Klwy  {PelmtiBa  orgenltaL-). . 
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^ 

Ei 

no 

awC 

Sra 

6 

12 

1 
4 

I 

"7 

I 
15 

47 

8 

5 

Cni>vm,  HnaU  (Digilaria  hunMvm  Pen.) 

1 
3 

54 

7 
1 
7 

4 

3 

2 

1 

1 

2 

1 

1 
3 

Andn)                                                  .    .. 

1 

1 

1 
GO 
11 
15 
3B 

168 
38 
3 

82 
ft 

135 
13 

24 

1 

26 
18 
16 

8 

Kvemnfprinmm  (Onagrabimmt  (L.)  Soop.) 

2 
23 
& 
1 

1 
5 

e 

3 

1 

1 

6 

FImOmum,  >iii»uJ  (Brigtron  ommhu  (L.)Ftn.) 

I 
376 

50 
1 
1 

31 

3 

1 
363 

24 

1( 

1 
1 

Foxtail,  gneii  (CWodOoa  nri^  (l!)  HJb. ) 

35 
8 

7 

R 

27 

a 
1 

7 

1 

0 

4 

1 

1 

Ban^MT  (CMriaria  mmMU  CL.)  Duinart) 

... 

1 
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Kind 

IF  Chop  Simd. 

^ 

1 

1 

i 

1 

1 

1 
1 

: 

C 

35 

16 

22 

3 

1 

2 

e 

3 

48 

1 

2 
2 

Knot  ^'aas  {Polygonum  amatiart  L.) 

3 

2 

■  '7,156 
156116 

7 
47 

3 
21 

1 

8 
20 
1 

1 
13 
3 
I 

1 
21 

1 

4 
1 

Marab  elder  (Iva  xanlhifolia  (Freea.)  Nutt.). 

IS 

15 

IS 

1 

I 

1 

I 
28 

4 
2 

1 
1 

1 
1 

6 

"i 

6 
3 

1 

40 

7 
1 

1 

2 

1 

Narrow-laaved    hawk's^jiiard     (Crapui    tec- 

'. 

1 
20 

1 

1 

5 

is 
1 

4 

1 
3 
3 

2 
3 

1 

Old  witch  grass  (Ponteum  cajnOare  L.) 

Ovoid  spike  rash  tEUoeKarit  ovata   (Roth.) 

4 

1 

1 

33 

05 

23 

1 
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Table  n  (e(mHnued). 


Nambs  of  Sbbd  Impubitiss. 


Paspalum  (Paspalvm  setaceum  Michx.) 

Penny  cresB  (Thlaspi  arvenge  L.) 

Penn.  peraicaria  (Polygonum  pennsyhanicym 

L.) ^ ,... 

Peppergrass,  apetalous  {Lepidivm  apetalum 

(L.)R.Br.) 

Pepper-graflB  (Lepidium  eampestre  (L.)  R.  Br.) 
Pepper-gra88»  wild  (Lepidium  wrginieumh.) 

Picris  (Picria  hieraeioides  L.) 

Picria;  oxtongue  (Picris  echurides  L.) 

Pigweed  (Amaranihus  spp.) 

Pigweed  (AmararUki  $  blitotdes  S.  Wata.) . . . 
Pigweed;  tumbleweed  (AmararUhua  graear 

zans  L.) 


Kins  op  Crop  Seed. 


17 


Pigweed,  slender  (Amaranthtis  hybridus  L.) . 
Pigweed,  rough  (Amaranthus  retrofiexvs  L.) . 
Pigweed,  winged  (Cydoloma  airiplieifolium 

(Spreng.)  Coulter) 

Plantain  (Plantago  rhodosperma  L.) 

Plantain,  buckhom  (Plantago  lanceolata  L.) . 
Plantain,  Rugels  (Plantago  rvgdii  Decne.) . . 
Plantain,  broad-leaved  (Plantago  major  L.) . 
Plantain,    large-bracted    (Plantago   arittata 

Michx.; 

Poison  hemlock  (Conium  macvlatum  L.) . . . . 

Poppy  (GUmcivm  spp.) 

Poverty  weed  (Ua  axUlaria  Purah.) 

Prickly  Sida  (Sida  spinosa  L.) 

Pursliuie;  Puadey  (Portvlaca  oieraoea  L.) — 
Quack  grass  (Agropyron  repens  (L.)  Beauv.). 

Ragweed  (Am^osia  artemisiifolia  L.) 

Red  clover  (Trijdium  pratense  L.) 

Redtop  (Agrostis  alba  L.) 

Roquette  (Eruca  sa^a  Mill.) 

Rush  (Jvncu8  ienuia  Willd.) 

Rush,  Wood  (Jvncoides  nemorosvm  fPoll.) 


Mey.) 


Russian  knapweed  (Centavrea  pieria  L.) 

Russian  thistle  (Saisola  kali  tenvifoHa  G.  F. 

W.Mey.^ 

Rutabaga  (Braanea  campeatia  L.) 


1 

3 

2 

6 

56 

45 

23 

2 

19 


106 
6 


1 
4 
2 
2 


1 

4 

115 

20 

25 


102 
87 


9 
6 
1 
3 
19 
1 

15 


I 


301 

202 

9 

21 
2 
1 


3 
172 


17 
2 

4 

1 


52 

187 

5 


I 


2 
27 
25 


^ 

•«i» 


SI 


I 


t 


3 
2 


1 

4 

13 


I 


62 


1 
2 


82 

110 

2 

2 


247 

24 

2 


195 
24 


1 


42 

15 

2 


22 
17 


1 


8 
1 


§ 
a 

^ 


i? 

o 


9 


6 


6 
2 


1 
2 


3 
17 


6 
1 

1 


1 

15 
10 


2 
1 


2 
4 
0 

8 


1 
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Tabi«  n  (fianHtuiti). 


Namm  w  8bd  iKPnnna. 

. 

Kdw  of  Crof  8hd. 

i 

f 

: 

1 

i 

7 
1 
17 

a 

1 

1 

£Ut  l>iiah;  Oraehe  (Alrijiex  pcania  L.) 

Sud rocket  (Diplotent  mvmlu  (L)  DC.). . 
Sandwort,  thyme  I'v'd  [Artnaria  urptUifolia 

3 

8 

6 

131 

103 

7 

189 

3 
2 
t 

2Si 

a 

1 

G 

1 

S 

3 
2 

(L)  Medic) 

Slender  nettle  (  ilrtka  graeilii  Ait.) 

I 

2 

1 

12 

1 
1 

2 

1 
1 
8 

i 

3 

SjHke  RTwi  r  [/niob  biti/oKa  Miohx.) 

1 

3 
« 

11 

1 

2 
3 

2 

8p^   upright  epo^  (e»pA<r«.  ^« 

SUok-e^  '(Lan"^  idkaata  ollib^) 

1 

3 

4 

1 

2 

Sweet   clDT<^,   yellow    IMdilolw,  ofieinaUt 

Switch  gra*  (Pomewin  rirffohmi  L.) 

Tewthiunb  (Pdygonum  tagUMtm  L.) 

1 

1 

1 

... 
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White  boarhound  (MorrvKvm  wloo^  L.).  . 

1 
8 
7 
3 

SO 

3 

12 

6 

... 

! 

4 
1 

WndoataUMm/afwiL.)      

2 

3 

1 
1 

1 

1 

5 
22 

3 

« 

8 

Yellow     rocket     (SofterM    hntow    (L.) 

1 

2 

I 

INSPECTION  OF  FEEDING  STUFFS-f 

This  bulletin  gives  the  results  of  the  analyses^  of  samples  of  feeding 
stuffs  collected  by  the  Commissioner  of  Agriculture  during  the  fall  and 
winter  of  1914-15  and  by  him  transmitted  for  analysis  to  the  Director 
of  the  New  York  Agricultural  Experiment  Station,  in  accordance  with 
the  provisions  of  Article  VII  of  the  Agricultural  Law.  These  analyses 
are  published  by  the  Director  of  the  New  York  Agricultural  Experiment 
Station  in  accordance  with  the  provisions  of  section  164  of  said  article. 


ANALYSES  OF  SAMPLES  OP  FEEDING  STUFFS. 


• 

1 

2 

Name  and  addreoB  of  manufacturer  or  jobber 
and  brand  or  trade  name. 

Where  taken. 

Crude 
prot^. 

Crude 
fat. 

Crude 
fiber. 

7160 

GOTTONBBSD  MHAIiS: 

The  American  Cotton  Oil  Co., 

Trenton,  Tenn. 
"  Red  Tag  Cotton  Reed  Meal " 

Brewster 

Peret, 

G*38.66 
F*38.8 

Perct. 

7. 
7.2 

Perct. 

11.50 

10.1 

6734 

M.  F.  Baringer, 

Philadelphia,  Pa. 
"  Special  Cotton  Seed  Meal " 

Utica 

G  36. 
F  36.6 

m 

6. 
6.8 

16. 

12.8 

7053 

M.  F.  Baringer, 

Philadelphia,  Pa. 
"  M.  F.  B.  Prime  Cottonseed  Meal " 

Delhi 

G  38.62 
F   38.6 

6. 

7.7 

12. 
9.9 

7766 

The  J.  E.  Bartlett  Co., 
Jackaon,  Mich. 
"  Michigan  Fanner  Brand  Cotton  Seed 
Meal" 

Hannibal 

G  41. 
F    41.6 

7. 
7.2 

10. 
7.6 

6160 

F.  W.  Brode  &  Co., 

Memphis,  Tenn. 
"  Owl  Brand  High  Grade  Cotton  Seed 
Meal'' 

Ow^go 

G'  41. 
F   42.6 

6. 

7.7 

10. 
7.1 

0004 

F.  W.  Brode  A  Co., 

Memphis,  Tenn. 
''  Owl  Brand  High  Grade  Cotton  Seed 
Meal" 

Poughkeepsie 

G  41. 
F   41. 

6. 

8.4 

10. 
8.6 

7063 

F.  W.  Brode  &  Co., 

Memphis,  Tenn. 
''  Owl  Brand  High  Grade  Cotton  Seed 
Meal" 

Fleischmann 

G  41 . 
F   40.6 

6. 
7.3 

10. 
9.9 

*  These  letters  indicate,  respectively.  Guaranteed  and  Found. 

^  The  analyses  herewith  published  were  made  in  charge  of  the  Chendcal  Department  of 
the  Station,  the  immediate  oversight  of  the  work  being  assigned  to  Arthur  W.  Clark, 
Asflooiate  Chemist. 

t  A  reprint  of  Bulletin  No.  404,  April,  1916. 
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AnaIiTbis  of  SufPLn  of  Fibdimo  Brum  (AmtintM^. 


J 

i 

Nune  and  addreM  of  muiiif  aotanr  or  Jobber 

Wbantakm. 

Grade 
proteiik* 

Chide 

Chde 
iber. 

7209 

GomMBBBD  BiKALA  (eofUintied): 
F.  W .  Biodo  A  Co.| 

Memphis,  Tenn. 
"  Doip«  Brand  Prime  Cotton  Sf«d  Meal " 

Ballston 

PereL 

G*38.63 

P*38.6 

Pm-H, 
6. 
7.9 

PmdL 
10. 
9.5 

6858 

The  Buckeye  Cotton  Oil  Co., 

Cincinnati,  0. 
"  Bttok^ye  Prime  Cotton  Seed  Meal " 

Norwich 

G  38.62 
F   39.9 

6. 
6.6 

12. 
9.9 

7455 

Ghi4>in  A  Co.,  Inc., 

Hammond,  Ind. 
"  Gieen  Diamond  Brand  GhcMoe  Cotton 
Seed  Meal" 

Soottsrille 

G  41. 
F  42. 

7. 
7.6 

10. 
8.2 

7758 

S.  P.  Davis 

lit^  Bock,  Ark. 
''  Good  Luok  Brand  Cotton  Seed  Meal " 

WflKamatomi 

G  41. 
F  41.2 

7. 
7.8 

10.50 
8.4 

7707 

H.  J.  Hailehurst, 

Baltimoro,  Md. 
"Qriofe    Brand    Ghoioe   Cotton    Seed 
Meal" 

Qneonta 

G  41. 

F  41.4 

6. 
8.8 

10. 
9.9 

5868 

D.  H.  Hickii  ft  Company 
Memfdiifl,  Tenn. 
"Canary  Brand  Choice  Cotton  Seed 
Meal" 

TkipperLake 

G  41. 
F   43.8 

6. 
7.7 

10. 
8.3 

6924 

Humphreys,  Godwin  Co., 
Memphis,  Tenn. 
"  Dixie  Brand  Cotton  Reed  Meal " 

Pou^hkeepaie 

G  38.68 
F  40.1 

6. 

7.7 

12. 

10. 

^m^9  • 

7352 

Imperial  Cotto  Milling  Co., 

Memphis,  Tenn. 
"  Imperial  Cotto  Brand  Choioe  Cotton 
Reed  Meal" 

Winthrop 

G  41. 
F  41.3 

8. 
9.6 

9. 
6.8 

7431 

Kemper  Mill  and  Elevator  Co., 

TTmi^ui  dW,  Mo. 

"Anchor   Brand   Choica   Cotton   Seed 
Meal" 

G  41. 
F  39.5. 

7.60 
8.1 

10. 
7.1 

7409 

W.  C.  Nothem, 

Little  Rock,  Ark. 
"  Bee  Brand  Cotton  Reed  Cake  Meal " 

Castile 

G  41. 
F  44. 

6. 
7.6 

10. 
9. 

80( 

J7 

Geo.  B.  Robinson,  Jr., 

New  Y<wk,  N.  Y. 
"  Cotton  Rfed  Meal " 

• 

BrooUyn 

G  38.66 
F  41.4 

6. 
7.4 

10. 

7.8 

*  Thflie  letten  indicate,  iHpwtively,  Gaanateed  and  Voan& 


New  York  Agricultural  Expbbiment  Station. 


729 


Akaltbm  of  Sampubb  of  Fbbdinq  Stuffb  (eanHnued). 


m 

1 

2 

Name  aod  addren  of  maaufaeturer  or  Jobber 
and  brand  or  trade  same. 

Where  taken. 

Crude 
proteiii. 

Cnide 
fat. 

Cnide 

fiber. 

6760 

CoTTONBBUD  MxAiiB  (conduded) : 
W.  Newton  Rmith, 

Baltimore,  Md. 
"  Dtrigo  Brand  Cotton  Seed  Meal" 

Coming 

PereL 
G*41. 
F*37.9 

Pertt, 

7. 
9.1 

Peret, 

10.50 
10.1 

7413 

J.  E.  Sopor  Co., 

Boston,  Mass. 
"  Pioneer  Cotton  Seed  Meal '' 

Warsaw 

G  41. 
F   41.4 

7. 
7.3 

10. 
9.7 

7105 

Southern  Cotton  Oil  Co., 
Charlotte,  N.  C. 
**  Aurora  Brand  Cotton  Meal " 

Walton 

G  41. 
F  41.8 

7. 
7.9 

10. 
7.9 

7765 

Traders  ft  Produeers  Supply  Co., 

Buffalo,  N.  Y. 
"  Chippewa  Choice  Cotton  Seed  Meal " 

Edmeston 

G  41. 
F  40.6 

7.60 
6.8 

14. 
9.9 

7103 

Union  Seed  k  Fertiliier  Co., 

HuntBviUe,  Ala. 
<' American  Red  Tag  Cotton  Seed  Meal " 

Walton 

G  38  55 
F  40.5 

7. 
7.4 

11.50 
8.2 

6340 
6276 

Not  given 

LiNSBBD  Mbaia: 
Amnrican  Milling  Co., 

Peoria,  HI. 
"  Amco  Old  ProoeH  Linseed  Meal " 

darkson 
Syracuse 

G  

F   41. 

G  30. 
F  32.1 

7.1 

5. 
7.1 

12.2 

10. 

7.7 

6612 

American  Milling  Co., 

Peoria,  Bl. 
''Amco  Old  Process  linseed  Meal" 

Fort  Edward 

G  32. 
F  32.6 

6. 
8.1 

11. 
8.3 

7071 

American  Milling  Co., 

Peoria,  HI. 
'<  Am«>  Old  PiocesB  linseed  Meal "  ^ 

Delhi 

G  30. 
F   30.7 

5. 

7. 

10. 

8.5 

6065 

American  linseed  Co., 

New  York,  N.  Y. 
"  SEypto  Pure  linseed  Meal " 

Binghamton 

G  36. 
F  37.4 

2. 
3.3 

9. 
8.9 

6883 

American  linseed  Co., 

Chicago,  HI. 
"  linseed  Oil  Meal " 

New    Wood- 
stock 

G  36. 
F   36.2 

2. 
3.3 

9. 
7.9 

6863 

American  Linseed  Co., 

New  York,  N.  Y. 
"  Old  PiocesB  Oa  Meal " 

j^berbume 

G  34. 
F  35.3 

5. 
5.5 

8. 
7.9 

*  Then  lettere  izidioate,  Mipeettvely.  >«<».. 
1  fiTiiteiM  a  mall  anxNuit  of  grouna  weed 


and  Found. 

ohiefly  wild  buokwlMat. 


730 


Report  on  Inspection  Work  of  the 


Analyses  of  Samples  op  Feeding  Stdppb  (oonUnueii. 


• 

Name  and  addreas  of  manufacturer  or  jobber 
and  brand  or  trade  name. 

* 

When  taken. 

Crude 
protein. 

Crude 
fat. 

Grade 
fib«. 

0962 

Linseed  Meals  (amduded): 
Archer-Daniete  linseed  Co., 
Minneapolis,  Minn. 
"Old  Process  Ground  OU  Cake" 

McGrawvUle 

PereL 

G*32. 
F*35.2 

Pm-eL 
6. 

6.8 

Per  cL 

10. 
7.5 

0905 

Kelloggs  &  Miller, 

Amsterdam,  N.  Y. 
"  Pure  Old  Process  Oil  Meal " 

Poughkeepsie 

G  32. 
F  37.4 

4. 
6.5 

9. 
7.6 

6894 

The  Mann  Bros.  Co., 
Buffalo,  N.  Y. 
"  Puro  Old  Process  Linseed  OU  Meal " 

Manlius 

G  34. 
F   35.4 

6. 

7.4 

10. 

7. 

7022 

Minnesota  linseed  Oil  Co., 
Minneapolis,  Minn. 
"  Ground  Old  Process  linseed  Cake  " 

No.  Brookfield 

G  34. 
F   36.6 

5. 
7.2 

11. 
6.7 

6069 

The  Toledo  Seed  ft  Oil  Co., 

Toledo,  0. 
"  Major  Brand  Old  Process  OU  Meal " 

Binghamton 

G  30. 
F  31.2 

5. 
6.7 

10. 
8.7 

6673 

Mai/t  Spboutb: 
American  Malting  Co., 

New  York,  N.  Y. 
"  HuUy  Malt  Sprouts  "  ^ 

New  York  City 

G  10.32 
F   16.5 

1.30 
1.5 

24.40 
16.8 

6806 

American  Malting  Co., 
Buffalo,  N.  Y. 
"No.  1  Malt  Sprouts  " 

McLean 

G  24.15 
F   27.6 

1.82 
1.3 

14.05 
11.7 

6672 

American  Malting  Co., 

New  York,  N.  Y. 
"  Standard  Malt  Sprouts  "  > 

New  York  City 

G   19.42 
F   27.4 

1.76 
1.5 

16.40 
9.4 

6482 

Atlantic  Export  Co.  of  Wis., 

Chicago,  lU. 
"  Malt  Sprouts  ^' 

Albany 

G  22. 
F   26.7 

1. 
1.5 

16. 
12.4 

7440 

Bartholomay  Browery  Co., 

Rochester,  N.  Y. 
"  Malt  Sprouts  " » 

Rochester 

G  21. 
F   25.8 

2.26 

1.7 

18.91 
11.9 

7247 

Farmers  Feed  Co., 

New  York,  N.  Y. 
"Malt  Sprouts  " 

Monroe 

G  26.06 
F  29.6 

1.67 
1.6 

12.05 
13.4 

*  These  letters  indicate,  reepectively,  Guaranteed  and  Found. 
>  Malt  Bcreenings  oonsistins  largdv  of 

*  Contains  broken  pieces  ofmaltea  bii 
t  Contains  7.1  per  ot.  of  barley  bulk. 


>  Malt  Bcreenings  consistins  largdvof  barley  hulls  and  malt  sprouts. 
*  Contains  broken  pieces  of  maltea  barley  and  a  small  amount  <rf  barley 


hvSk. 
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Ahaltbm  of  Samplss  of  Fbedino  Stitffs  (eanUwuBi), 


• 

is 

Nuno  aod  addre*  of  manufaeturer  or  jobber 
and  brand  or  trade  name. 

Where  taken. 

Crude 
proiein. 

Crude 
fat. 

Cnide^ 

fiber. 

7500 

Mavt  SpROim  (concluded) : 
Lembeek   ft   Beii,   Eagle   Brewing   & 
Blalting  Co., 

Watkinii,  N.  Y. 
''  Mah  SpioutB  " 

WatUns 

PereL 

G*28.30 
F*29.0 

PtreL 

1.12 
1.7 

PereL 

13.31 
10.5 

0227 

G.  H.  McLaughlin, 

Waterloo,  N.  Y. 
"  Malt  Sprouts  " 

Waterkw 

G  26.30 
F   28.1 

2.45 
2.2 

10.49 
9.4 

6405 

Geo.  J.  Meyer  Malting  Co., 

Buffalo,  N.  Y. 
"  Malt  SproutB '' 

Watervliel 

G  20.82 
F  28.9 

1.4 
2. 

14. 
11.4 

7462 

Henry  C.  Moffat, 

Buffalo,  N.  Y. 
"  MaH  Sprouts  "  ^ 

Churchville 

G  20. 
F   24.9 

1. 
1.7 

15. 
10.3 

5601 

Perot  Malting  Co., 

Buffalo,  N.  Y. 
"  Malt  Sprouts  "  « 

Walton 

G  22. 
F   27.2 

.50 
1.3 

18. 
12.7 

6658 

M.  G.  Rankin  &  Co., 

Milwaukee,  Wis. 
"  Jersey  Malt  Sprouts  "  • 

WaterviDe 

G  25. 
F   25.4 

1.50 
1.8 

17. 
12.1 

6083 

Albert  Schwill  &  Co.. 
Buffalo,  N.  Y. 
"Malt  Sprouts  ^' 

Binghamton 

G  23.70 
F   27.8 

1. 
1.2 

14. 
11.4 

520H 
6342 

C.  U.  Snyder  ft  Co., 
Chicago,  111. 
''  Kleinco  Malt  Sprouts  " « 

William  Taylor, 

ayde,  N.  Y. 
"  MaU  Sprouts  " 

Oxford 

G  20. 
F   25. 

G  

F   24.6 

2. 
1.6 

16. 
12.9 

Clyde 

1.7 

13. 

7501 

WaterUx)  Malting  Co., 

Waterloo,  N.  Y. 
"  Malt  Sprouts '' 

WaterkK) 

G  25.50 
F   29.9 

2.35 
1.9 

10.49 
9.3 

7283 

The  Zwickel  Malting  Co., 

Buffalo,  N.  Y. 
"  Malt  Sprouts  "  • 

Buffalo 

G  22. 
F   23.4 

1. 
2. 

20. 
12.1 

*  These  letters  indioate,  respectiyely,  Guaranteed  and  Found. 
>  Contains  a  small  amount  of  weed  seeds. 

*  Guaranteed  as  oontaininc  a  small  percentage  of  wild  seeds,  grain  and  hulls;  found  to  oontain  barley 
hulls  and  a  trace  of  weed  seeds. 

*  Contains  small  amount  of  barley  hulls 

t  fo 


*  Guaranteed  as  barley  product  for  mixing  pwpoeee  only;  found  to  be  malt  sprouts  containing  malted 

found  to  contain  maHed  barley. 


barley  and  barley  hulls. 
•Gu 


uaranteed  to  oontain  small  percentage  of  weed  seeds  and  eoreeoincs; 
barley  hulls  and  a  small  amount  ci  weed  seeds. 


732 


Repobt  on  Inspection  Work  of  the 


Amaltbbs  of  Samplbs  or  Fbsdino  Stufvb  (eoMlimmi). 


• 

Nmm  uhI  addrMi  ol  manof  actunr  or  Jobber 
and  brawl  or  trade  MHM. 

wuera  taBHfc 

Opde 

Gkwia 
fat. 

Crude 
fiber. 

6014 

DfSTiLLBD  Dbisd  Gbains: 
Aj«x  Milling  A  Feed  Co., 
New  YoA,  N.  Y. 
"  Ajax  FlakflB  "  ^ 

Poughkeepsie 

G*de 

F*31.2 

11. 
12.5 

PmdL 

14. 
10.6 

7220 

Atiantio  Export  Co.  of  Wis., 

Chicago,  m. 
"  AtlAntio  GraiiM  "  * 

Qranyffle 

G  28. 
F  36.4 

8. 
9.7 

1 

13. 
8.6 

6888 

Geo.  E.  Brfabin  A  Co., 

ayde,  N.  Y. 
"  Aigood  Dried  Distilkry  GndBi "  > 

Skaneatdet 

G  26. 
F  27.7 

9. 
11.3 

12. 
6.5 

6880 

Clarke  Broe.  A  Co., 
Peoria,  DL 
" Empin  State  Daur  Feed  ''* 

New    Wood- 
stock 

G  30. 
F  20.9 

12. 
10.2 

12. 

9.7 

6674 

Contiiieiital  Cereal  Company, 

Peoria,  m. 
"  Contuieiital  Ghiten  Feed  "  • 

Stamford 

G  20. 
F  27. 

12.5 
10. 

10.5 
6.9 

7410 

Continental  Cereal  Co., 

Peoria,  HL 
"  Continental  Ghtten  Feed  "  » 

Perry 

G  20. 
F  30.6 

10.5 
8.7 

10.5 
6. 

6082 

The  Dewey  Bros.  Co., 
Blanehealer,  0. 
<' Boutbon  3  D  GraioB  "  * 

DeRuyter 

G  24. 
F  25.2 

8. 
8. 

14. 
9.9 

5272 

The  Dew^  Bros.  Co., 
BUncheiter,  0. 
"  Buokeye  Feed  " « 

DeRuyter 

G  20. 
F   26.2 

5. 
4.4 

15. 
10.8 

7051 

The  Dewey  Bros.  Co., 
Manoheeter,  0. 
"ComSDGraina"  * 

P^yn^ftm 

G  26. 
F   25.7 

9. 
11.2 

13. 
7.2 

6872 

The  Dewey  Broe.  Co^ 

BUnoheeter,  0 

"EagleaD  Grains"* 

Hamilton 

G  30. 
F  32.7 

10. 
11.9 

13. 
8. 

7167 

The  Dewey  Bros.  Co., 
Blanchester,  0. 
"QueenSDGrains''* 

Pawling 

G  18. 
F   14.6 

4 

4. 

7.1 

15. 
13.6 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 
1  Guaranteed  as  com  distillers'  grains;  found  to  be  distillers'  dzi 


*  Distillers'  dried  grains  from  com,  rjre,  barley  and  oats. 

*  DistiUers'  dried  grains  from  com,  oats,  rye  and  barley. 
« Distillers'  dried  grains  (largely  rye),  from  rye.  oats,  barley  and 

*  Distillecs*  dried  grains  from  oom,  oats  and  barley. 

*  DiitUlan'  dried  grains*  laiiely  rye,  from  rye*  oats  and  barlssr. 


gndns  from  eoca,  oats,  barlsy  and  lyi. 
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ANAunas  of  S4ifW.iB8  or  Fbbdino  Stitfpb  {umHnnedf). 


Nam*  and  addreai  ci  mairaf aoturer  or  Jobber 
and  brand  or  trade 


Where  taken. 


Cmde 
protein. 


Cmde 
fat. 


Crude 
fiber. 


6881 


7351 


6077 


7420 


6053 


DisnLLBD  Dbibd  Grains  (eondudei) : 
The  Hottelet  Co., 

Mihrankee,  Wis. 
"Hector  DiaiUkn  Dried  Qnini "  ^ 

Hottelet  k  Co., 

Mihrftukee,  Wis. 
"  XX  "  DistiUers  Dried  Onms"> 

The  LuTowe  MiDing  Co., 

Detroit,  Mich. 
"Brownie    Grains,    Steam-Dried    Dis- 
tilknGnms"^ 

Merehants  Distilling  Co.. 
Terre  Haute,  Ind< 
"  Merehants  Hi^  Grade  Dairy  Feed"  « 


New    Wood- 
stock 


MttiwionB 


PMble 


6080 


6857 


New  York  A  Kentucky  Co., 

Rochester,  N.  Y. 
"Columbia  Com  DistiUers  Grams"« 

The  New  Yoric  A  Kentucky  Co., 

Rochester,  N.  Y. 
"  Pun  Rye  DistiUers  Grains ' '  > 


The  Ubiko  MiDing  Co., 

Cincinnati,  O. 
"  Fourex  DistUers  Dried  Grains  "  « 


6348  Noigiven« 


5200 


Dbdbd  Graihs  (Probably  from  manu- 
facture of  yeast, vinegar  and  whiskey) 
M.  F.  Baringer, 

Philadelphia,  Pa. 
"Atlantic    Grains,     DistOlers 
Grains"* 


Perry 

TuBy 

Marathon 

Norwieh 
Clarkson 


^  Donahue^tratton  Co., 

MUwaukee,  W 

"  'Onyx'  Dried  Grains 


6050 


Bbiwsbs'  Dbibd  Gbains: 
Anheuser-Busch  Brewing  Aas'n., 

St.  Louis,  Mo. 
"Dried  Brewers  Grains  " 


Sherburne 


Sherburne 


Poughkeepsie 


Ptret, 

G*30. 
F*32.2 


G  18. 
F   18.1 


G  26. 
F  27.6 


G  aa. 
F  ao.6 


G  aa. 
F  ao.7 


G  14. 
P   16.5 


G  31. 
F  33.6 


G  

F  28.3 


G  18. 
F   10.5 


G  20. 
F   10.6 


G  21. 
F  26.7 


P4reL 

10. 
9.3 


6. 
8.1 


7. 
10.2 


11. 
12.1 


10. 
10. 


6. 
9.0 


12. 
18.4 


13. 


5.5 
7.3 


6. 
6.0 


6. 
7.8 


i^S^,  '^^^^^  indicate,  reapeetiTely,  Guaranteed  and  Found. 

1  iv  rir'*'  <i"«<i  grains  from  com,  rye.  oate  and  barley. 

!  Sl>^W  dried  sraineOariely  rye),  from  rye.  oate  and  barley.  , 

« T^Slr^  <hi«i  sraiiM  flariely  oom),  from  com.  oats,  barley  end  lye. 

■  i(!!55"'"'  <iried  grains  from  oom.  oats,  rye  and  barley. 

•UitUlen'  dried  graiu,  readues  from  malted  barley,  malt  iproviti. 


PsreL 

14. 
13.3 


14. 
10.1 


0. 
6.5 


14. 
8.3 


14. 
10.7 


14. 
11.5 


13. 
10.2 


10. 


25. 
16. 


16. 
15.9 


18. 
13.5 
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Report  on  Inspection  Work  of  thb 


Analyses  of  Samples  of  Fbisdino  Stuffs  (conHnued). 


Name  and  address  of  manufacturer  or  jobber 
and  brand  or  trade  name. 


7186 


6868 


6477 


5698 


7248 


6984 


5294 


6989 


5566 


6499 


7067 


5689 


Bbbwebs'  Dbied  Grains  (concluded) : 
Bartholomay  Brewery  Co., 

Rochester,  N.  Y. 
"  Dried  Brewers'  Grains  " 

Fanners  Feed  Co., 

Buffalo,  N.  Y. 
**  Bull  Brand  Dried  Brewers  Grains  " 

Fanners  Feed  Co., 

Buffalo,  N.  Y. 
"  Bull  Brand  Dried  Brewers  Grains  " 

Hottelet  &  Co., 

Milwaukee,  Wis. 
"  Holstem  Dried  Brewers  Grains  " 

Milwaukee  Grains  &  Feed  Co., 

Milwaukee,  Wis. 
"  Crown  Brewers  Dried  Grains  " 

K.  &  E.  Neumond, 

St.  Louis,  Mo. 
"  Goldnes  Kalb  Dried  Brewers  Grains  " 

M.  G.  Rankin  &  Co., 

Milwaukee,  Wis. 
"  Durham  Dried  Brewers  Grains  " 

Rosekrans-Snyder  Co., 

Philadelphia,  Pa. 
"  Pilsner  Brewers  Dried  Grains  " 

Jos.  Schlits  Brewing  Co., 

Milwaukee,  Wis., 
"  SchUta  Purity  Dried  Grains  " 

Corn  Gluten  Feed: 
American  Maise  Products  Co., 

New  York,  N.  Y. 
"  Cream  of  Com  Gluten  Feed  " 

Clinton  Sugar  Refining  Co., 

Clinton,  la. 
"  Clinton  Com  Gluten  Feed  " 

Com  Products  Refining  Co., 

New  York,  N.  Y. 
"  Buffalo  Com  Gluten  Feed  " 


Where  taken. 


Hillsdale 


Norwich 


Liberty 


Monroe 


Bingham  ton 


Conklin 


CorbettsviUe 


Walden 


Crude 
protein. 


Schenectady 


East  Meredith 


Walton 


Per  el. 

G*21.13 
F*22.9 


G  27.20 
F   27.7 


G  27.20 
F   33.4 


G  25. 
F   26.5 


G  25. 
F   29.5 


G  24. 
F   29.1 


G  26. 
F    28.2 


G  25. 

F   27.7 


G  24. 
F  32.3 


G  23. 
F   24.3 


G  23. 
F   26.6 


G  23. 
F   25. 


Crude 
fat. 


PereU 

5.10 

7.2 


6.30 
6.4 


6.30 
6.9 


5. 
7.25 


5. 
6.5 


6. 
7.1 


6. 
7.3 


5. 
7.4 


6. 
7.2 


3.50 
3.7 


3. 
3.7 


1. 
4.5 


Oi'ude 

fiber. 


Perd. 
19.40 
16.6 


17.30 
12  2 


17.20 
10. 


14. 
12. 


15. 
11.9 


13. 
11.5 


16. 
12.6 


18. 
12.7 


16. 
11.6 


8.50 
6. 


8. 
6.3 


8.5 
6.6 


*  These  letters  iadioate,  reepeotively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 
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Amaltbbs  of  Samples  of  Fibdino  Sfoffb  {omHnued). 


Name  And  iddnm  of  manufacturer  or  jobber 
and  brand  or  trade  name. 

Where  taken. 

Crude 
protein. 

Crude 

fat. 

Crude 

fiber. 

5283 

CoBN  Gluten  Feed  {concluded) : 
Com  Products  Refining  Co., 

New  York,  N.  Y. 
"  Globe  Com  Gluten  Feed  " 

New  Berlin 

Pm-aL 
G*23. 

F»27.8 

Per  el. 

1. 
3.4 

Peret. 

8.5 

6. 

6466 

Com  ProductB  Refining  Co., 

New  York,  N.  Y. 
"  Globe  Gluten  Feed  " 

Albany 

G  23. 
F   24.4 

2. 
3.7 

8.5 
4.5 

7423 

Douglas  Company, 

Cedar  Rapids,  la. 
"  Douglas  Com  Gluten  Feed  " 

Castile 

G  20. 

P   20.7 

2. 
4.3 

8. 
5.7 

7194 

J.  C.  Hubinger  Bros.  Co., 

Keokuk,  la. 
"  KKK  Gluten  Feed  " 

Hudson 

G  23.50 
F   25.4 

2.40 
6.6 

7.50 
5.6 

7663 

J.  C.  Hubinger  Bros.  Co., 

Keokuk,  la. 
"KKIL  Gluten  Feed" 

St.  JohnsviUe 

G  23. 

F   27.6 

2.40 
3.1 

7.50 
5.7 

5603 

Huron  Milling  Co., 

Harbor  Beach,  Mieh. 
''  Jenks'  Gluten  Feed  " 

Walton 

G  22. 
F   24. 

3. 
2.5 

8. 
6.5 

7779 

The  Keever  Starch  Co., 

So.  Cohimbus,  0. 
"  Keever  Gluten  Feed  " 

Bameveld 

G  20. 

F  21.7 

3. 
6.1 

8. 
4.9 

7296 

Piel  Bros.  Stareh  Co., 

Indianapolis,  Ind. 
"  P.  Bro  Com  Gluten  Feed  "> 

Williamsville 

G  23. 

F  28.8 

2. 
2.4 

8. 
5.7 

5856 

A.  E.  Staley  Mfg.  Co., 

Decatur,  HI. 
"  Stale's  Com  Glutsn  Feed  " 

Malone 

G  23. 
F   25.2 

2.50 
3.7 

12. 
5.6 

7159 

Union  Starch  A  Refining  Co., 

Edinburg,  Ind. 
"  Union  Com  Gluten  Feed  " 

Stormville 

G  23. 
F   26.7 

3. 

3.4 

8. 
5.9 

6976 

CoBN  Gluten  Meal: 
Com  Products  Refining  Co., 

New  York,  N.  Y. 
"  Diamond  Com  Gluten  Meal  " 

Cincinnatus 

G  40. 
F   43. 

1.5 
2. 

4. 
1.8 

7470 

Com  Products  Refining  Co., 

New  York. 
"  Diamond  Com  Gluten  Meal " 

Tuscarora 

G  40. 
F   42.2 

1.50 
2.5 

4. 
1.7 

♦Thi 


Them  letters  indicate,  rMpeetivehr.  Guaranteed  and  Found. 
ArtifioiaUy  oolored  oooacionaDy  with  Orante  122. 
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Report  on  Inspection  Work  of  the 


Analtsw  of  Sampubb  of  FsBDOfo  Stuffs  (eowtinvei). 


I 


Nmm  and  addnn  of  mAnaf ftotorer  or  Jobber 
and  brmnd  or  trade 


Where  takoi. 


Crude 
I»otflia. 


Crude 

fat. 


liber. 


5687 


7209 


6678 


7627 


6853 


6032 


7729 


HoMnnr  Fbbdb: 
Ameriean  Homiiiy  Co., 

Indianapolis,  Ind. 
'*  Homoo  Feed  " 

Ames>Buni8  Co., 

Jamestown,  N.  Y. 
"  A.-B.-C.  Fine  White  Hominy  " 

M.  F.  Baringer, 

Philaddphia,  Pft. 
"  Hominy  Feed'' 

The  Bhrkett  Mills, 

Pton  Yan,  N.  Y. 
«  Hominy  "» 

Buffalo  Cereal  Co., 

Buffalo,  N.  Y. 
"  Bufeeoo  Hominy  Feed  " 

Chaiua  A  Co., 

Hammond,  Ind. 
"  Green  Diamond  Hominy  Meal " 

Deutseh  k  Sickert  Co.. 

Milmtukee,  Wis. 
"  SucoesB  Hominy  Feed  " 


69681  East  Waverly  MilliBg  Co., 
Wavwly,  N.  Y. 
"  Hominy  Feed  " 


7196 


7066 


6859 


7165 


BSevator  Milling  Co., 

BpringHeld,  III. 
"  Ideal  l^miny  Feed  Eihi  Dried  "> 

Empire  Qrain  A  Elevator  Co., 

Binghamton,  N.  Y. 
"  Pearl  Hominy  " 

Evans  Millmg  Co., 

IndianapoUs,  Ind. 
"  Evans  Hominy  Feed  " 

U.  S.  FVumentum  Co., 
Detroit,  Mieh. 
"  Fnimentum  Hominy  Feed  '** 


Walton 


Randolph 


Stdn^ 


Penn  Yan 


Norwich 


Poughkeeptte 


Kingston 


Binghamton 


Hudson  Falls 


Grand  Qargfi 


Norwich 


PiawUng 


PtrcL 

G*  9.50 
F*  10.8 


G    0. 
F   U. 


G    0.  - 
F   11.5 


F     9.4 


G  10. 

F   U. 


G  10. 
F   10.6 


G    9. 
F   11.2 


G    9. 
F   10.1 


G  11.02 
F     9.4 


G  10. 
F   10.8 


G  10. 
F   11.5 


G     9.50 
F     9.6 


PfrdL 

7. 
7.6 


7. 
7.1 


6. 

9. 


4.6 


6. 

6.3 


7. 
7.4 


7. 
9.4 


6. 

7.5 


7.70 
4.9 


7. 
8.3 


7.50 
8.6 


7.30 
6.6 


7. 
4.1 


6. 

4.6 


10. 
2.3 


4.7 


6. 

3.5 


6. 

4.3 


4. 

4.3 


5. 

3.1 


3.7 


6. 

39 


7. 
4.4 


7. 
3.8 


*  These  letten  indicate,  re^peetively,  Guaranteed  and  Found. 

>  YeUow  hominy  feed. 

a  Hominy  feed  oontaining  mall  amounts  of  yellow  oom  and  com  chaff. 
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Amaltbm  of  Samplm  of  Fbbdiko  Stuftb  (eatUinuedf). 


• 

1 

1 

5z; 

and  brand  or  trade  name. 

Wliere  taken. 

Grade 
protein. 

Crude 
fat. 

Crude 

fiber. 

7445 

HoMiKT  Fbsds  {eonHnvei): 
Chas.  Heceodeen  Mfg.  Co., 

Chicago,  HI. 
"  HeraQdeen's  Hominy  Feed  " 

Corfu 

Perd. 

G*10.15 

F*  10.7 

PuH. 

7.20 

8. 

PerH. 

6.50 
3.6 

5271 

Independent  Hominy  Co., 

Portemouthy  0. 
"  In.  Ho.  Co.  Hominy  Feed  " 

Afton 

G  10.85 
F   11.1 

8.23 
10.1 

7.20 
4.5 

6273 

J.  B.  A.  Kern  A  Sone, 

Milwaukee,  Wis. 
"  Pore  Eagle  Hominy  Feed  " 

Syracuse 

G     9.5 
F   11.4 

6.5 

9.8 

4. 
4. 

7157 

Chae.  A.  Krauee  Milling  Co., 

Milwaukee,  Wis. 
"  Badger  Hominy  Feed  " 

Storm  ville 

G  10. 
F   11.9 

6. 

7.6 

5. 

5.1 

7460 

H.  E.  McEachron  Co., 
Waueau,  Wis. 
"  Hominy  Feed  " 

Williamson 

G  11.26 
F   11.4 

8.50 
8.6 

4. 
3.5 

7680 

H.  E.  McEachron  Co., 
Waueau,  Wis. 
"  Hominy  Feed  " 

Syracuse 

G  11.25 

F   12. 

8.50 
10. 

4. 
3.7 

7239 

Miner-Hillard  Milling  Co., 
Wilkes  Barre,  Pa. 
"  Choice  Steam  Cooked  Hominy  Feed  " 

Warwick 

G  10. 
P    11.7 

• 

5. 
6.2 

5. 
5.1 

6978 

Mystic  Milling  Co., 

Sioux  City,  la. 
''  Hominy  Feed  " 

Bk)dgett  Mills 

G  11. 
F  11. 

7. 
6.3 

4. 
4.1 

7164 

A.  Nowak  A  Son, 

Buffalo,  N.  Y. 
''  Justice  Brand  Hommy  " 

St.  Johnsvllle 

G     8. 
F   11.4 

6. 

8.5 

8. 
3.5 

6673 

The  Patent  Cereals  Co., 

Geneva,  N.  Y. 
"  Hominy  Feed  " 

Hamilton 

G  10. 
F   12.4 

6. 

7.9 

6. 

4. 

6931 

The  Quaker  Oats  Co., 

Chicago,  m. 
"  Ydlow  Hominy  Feed  "» 

Poughkeepsie 

G    9. 
F     9.1 

4. 

4.7 

4. 
3.3 

7204 

M.  G.  Bankin  A  Co., 

Milwaukee,  Wis. 
"  Jersey  Hominy  Feed '' 

Schoharie 

G  10. 
F   11.4 

6. 
10.5 

5. 
3.9 

* J^ew  letters  indicate,  respectively,  Guaranteed  and  Found. 
>  Yellow  hominv  feed. 


hominy  feed. 

24 


1 

«'~'n^£ru'-„'^rr^"''''''" 

Where  tokoi. 

Crude 

Crwfe 

^ 

6870 

Suff«ii-Hunt  Milk, 
Decatur,  111. 
"  Acme  Uomioy  Feed  " 

Ewlville 

PtrtL 
G*   9.30 
F'U. 

7.10 
7.3 

P^  CL 

10. 
3-7 

7249 

ThompKH)  &  Mould, 

GoBben,  N.  Y. 
"8p«ci>l  Hominy  F«ed' 

Monro* 

O  10- 
F    12-1 

7. 
9,1 

475 
2.4 

6762 

Thompna  &  Mould, 
"  Hominy  M«J  ■■" ' 

PemiYu 

G    9. 
F    10. 

5-50 
4.4 

7. 
55 

7716 

Not  given 

"  WhHe  Hominy  Ftei " 

Waahinstoa. 

G  

F   11.8 

7.8 

3.5 
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FEEDING  STUFFS'  DEFINITIONS. 

Meal  is  the  clean,  sound,  ground  product  of  the  entire  grain,  ceie^ 
or  seed  which  it  purports  to  represent:  Provided,  that  the  followi:; 
meals,  qualified  by  their  descriptive  names,  are  to  be  known  as,  vii: 
Com  germ  meal  is  a  product  in  the  manufacture  of  starch,  glucc^  ai- 
other  com  products  and  is  the  germ  layer  from  which  a  part  of  the  corj 
oil  has  been  extracted.  Linseed  msal  is  the  ground  residue  after  extractir:] 
of  part  of  the  oil  from  ground  flaxseed. 

Cottonseed  m>eai  is  a  product  of  the  cotton  seed  only,  composed  pri- 
cipally  of  the  kernel,  with  such  portion  of  the  hull  as  is  necessary  in  thi 
manufacture  of  oil,  provided  that  nothing  shall  be  recognized  as  cott<  > 
seed  meal  that  does  not  conform  to  the  foregoing  definition,  and  xiJ 
does  not  contain  at  least  thirty-six  (36)  per  ct.  of  protein.  Choixx  coH-' 
seed  meal  must  be  finely  ground,  not  necessarily  bolted,  perfectly  sou:  I 
and  sweet  in  odor,  yellow,  free  from  excess  of  lint  and  must  contain  at 
least  forty-one  (41)  per  ct.  of  protein.  Prime  cottonseed  meal  must  be  fin^' 
ground,  not  necessarily  bolted,  of  sweet  odor,  reasonably  bright  in  cokj 
yellow,  not  brown  or  reddish,  free  from  excess  of  lint,  and  must  contain  :»1 
least  thirty-eight  and  six-tenths  (38.6)  per  ct.  of  protein.  Good  cotlon^i'i 
meaimust  be  finely  ground,  not  necessarily  bolted,  of  sweet  odor,  reasonal'l: 
bright  in  color  and  must  contain  at  least  thirty-six  (36)  per  ct.  of  proter 

Cold  pressed  cottonseed  is  the  product  resulting  from  subjecting  !^'l 
whole  undecorticated  cottonseed  to  the  cold  pressure  process  for  ---l 
extraction  of  oil,  and  includes  the  entire  cottonseed  less  the  oil  extras*  > 
When  cold  pressed  cottonseed  is  ground  it  shall  be  designated  as  "  Gtcu%\ 
Cold  Pressed  Cotton  Seed." 

Cottonseed  feed  is  a  mixture  of  cottonseed  meal  and  cottonseed  h'i^^ 
containing  less  than  thirty-six  (36)  per  ct,  of  protein. 

Grits  are  the  hard  flinty  portions  of  Indian  corn  without  hulls  and  gr^J 

Hominy  mealy  hominy  feed,  or  hominy  chop  is  a  mixture  of  the  b^* 
coating,  the  germ  and  a  part  of  the  starchy  portion  of  the  com  kerr* 
obtained  in  the  manufacture  of  hominy  grits  for  human  consumption 

Corn  feed  meal  is  the  sifting  obtained  in  the  manufacture  of  crac!^  i 
corn  and  table  meal  made  from  the  whole  grain. 

Com  bran  is  the  outer  coating  of  the  com  kernel. 

Com  glvien  feed  is  that  portion  of  conmiercial  shelled  com  that  rema ' 
after  the  separation  of  the  larger  part  of  the  starch  and  the  germ  by  ^'^ 
processes  employed  in  the  manufacture  of  com  starch  and  glucose.  ^ 
may  or  may  not  contain  com  solubles. 
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Com  gluten  meal  is  that  part  of  commercial  shelled  corn  that  remains 
iter  the  separation  of  the  larger  part  of  the  starch,  the  germ  and  the 
)ran  by  the  processes  employed  in  the  manufacture  of  cornstarch  and 
;lucose.     It  may  or  may  not  contain  com  solubles. 

Wheat  bran  is  the  coarse  outer  coatings  of  the  wheat  berry  obtained 
n  the  usual  commercial  milling  process  from  wheat  that  has  been  cleaned 
uad  scoured. 

Wheat  bran  with  mill  run  screenings  is  pure  wheat  bran  plus  the  screen- 
ngs  which  were  separated  from  the  wheat  used  in  preparing  said  bran. 

Wheat  bran  with  screenings  not  exceeding  mill  run  is  either  wheat  bran 
vith  the  whole  mill  run  of  screenings  or  wheat  bran  with  a  portion  of  the 
nill  run  of  screenings,  provided  that  such  portion  is  not  an  inferior  por- 
:ion  thereof. 

Any  mixture  of  wheat  bran  vrith  other  maJterials  which  corresponds  with 
dther  of  the  two  above  definitions  or  wheat  bran  which  includes  other 
'oreign  matter  in  appreciable  quantities  is  r^arded  as  a  compounded 
feed  and  must  be  licensed  for  sale  in  this  state. 

Shorts,  or  standard  middlings  are  the  fine  particles  of  the  outer  and  the 
bner  bran  separated  from  bran  and  white  middhngs. 

Shipstuff,  or  wheat  mixed  feed  is  a  mixture  of  the  products  other  than 
the  flour  obtained  from  the  milling  of  the  wheat  berry. 

Wheat  white  middlings  or  white  middlings  is  that  part  of  the  offal  of 
nrheat  intermediate  between  shorts  or  standard  middlings  and  red  dog. 

Red  dog  is  a  low  grade  wheat  flour  containing  the  finer  particles  of  bran. 

Oat  groats  are  the  kernels  of  the  oat  berry  with  the  hulls  removed. 

Oat  shorts  are  the  covering  of  the  oat  grain  l3ring  immediately  inside 
Ihe  hull,  being  a  fuzzy  material  carr3dng  with  it  considerable  portions 
)f  the  fine  floury  part  of  the  groat  obtained  in  the  milling  of  rolled  oats. 

Oat  middlings  are  the  floury  portion  of  the  groat  obtained  in  the  miUing 
)f  rolled  oats. 

Oat  hidls  are  the  outer  chaffy  coverings  of  the  oat  grain. 

Oat  dippings  are  the  hairs,  oat  dust,  ends  of  oats  and  hght  oats  sepa- 
"ated  from  the  oat  kernel  by  the  clipping  process. 

Clipped  oat  by-product  is  obtained  in  the  manufacture  of  clipped  oats. 
X  may  contain  light  chaffy  material  broken  from  the  ends  of  the  hulls, 
smpty  hulls,  light  immature  oats  and  dust.  It  must  not  contain  an  exces- 
ive  amount  of  oat  hulls. 

Rice  hvUs  are  the  outer  chaffy  coverings  of  the  rice  grain. 

Rice  bran  is  the  cuticle  beneath  the  hull. 
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Rice  polish  is  the  finely  powdered  material  obtained  in  polishing  the 
kernel. 

Flax  plant  by-product  is  that  portion  of  the  flax  plant  remaining  after 
the  separation  of  the  seed,  the  bast  fiber  and  a  portion  of  the  shives, 
and  consists  of  flax  shives,  flax  pods,  broken  and  immature  flax  seeds 
and  the  corticle  tissue  of  the  stem. 

Buckwheat  shorts,  or  buckwheat  middlings  is  that  portion  of  the  buck- 
wheat grain  immediately  inside  the  hull  after  separation  from  the  flour. 
(Mixtures  of  buckwheat  middlings  and  buckwheat  hulls  are  often  sold 
as  buckwheat  middlings  or  buckwheat  shorts.  Such  materials  are  regarddi 
as  misnamed.) 

Blood  meal  is  ground  dried  blood. 

Meat  scrap  and  meat  meal  are  the  ground  residues  from  animal  tissue 
exclusive  of  hoof  and  bone.  If  they  contain  any  considerable  amount  of 
bone,  they  must  be  designated  meat  and  bone  scrap,  or  meat  and  bone 
meal.  If  they  bear  a  name  descriptive  of  their  kind,  composition  or  origiB, 
they  must  correspond  thereto. 

Cracklings  are  the  residue  after  partially  extracting  the  fats  and  oils 
from  the  animal  tissue.  If  they  bear  a  name  descriptive  of  their  kind, 
composition  or  origin,  they  must  correspond  thereto. 

Digester  tankage  is  the  residue  from  animal  tissue  exclusive  of  hoof  and 
horn,  specially  prepared  for  feeding  purposes  by  tanking  imder  live  steam. 
dr3ring  under  high  heat,  and  suitable  grinding.  If  it  contains  any  con- 
siderable amount  of  bone,  it  must  be  designated  digester  meat  and  bom 
tankage. 

Distillers'  dried  grains  are  the  dried  residue  from  cereals  obtained  in 
the  manufacture  of  alcohol  and  distilled  liquors.  The  product  shall  bear 
the  designation  indicating  the  cereals  of  which  these  grains  are  composed. 

Brewers'  dried  grains  are  the  properly  dried  residue  from  cereals  obtained 
in  the  manufacture  of  beer. ' 

Matt  sprouts  are  the  sprouts  of  the  barley  grain.  If  the  sprouts  are 
derived  from  any  other  malted  cereal,  the  source  must  be  designated. 

Alfalfa  meal  is  the  entire  alfalfa  hay,  ground,  and  does  not  contain  an 
admixture  of  ground  alfalfa  straw  or  other  foreign  materials. 

Chop  is  a  ground  or  chop  feed  composed  of  one  or  more  different  cereals 
or  by-products  thereof.  If  it  bears  a  name  descriptive  of  the  kind  of 
cereals,  it  must  be  made  exclusively  of  the  entire  grains  of  those  cereals. 

Screenings  are  the  smaller  imperfect  grains,  weed  seeds  and  other  foreign 
material  separated  in  cleaning  the  grain. 


REPORT  OF  ANALYSES  OF  SAMPLES  OP  COM- 
MERCIAL  FERTILIZERS  COLLECTED  BY  THE 
COMMISSIONER  OF  AGRICULTURE  DURING 
1915.* 


There  are  presented  in  this  bulletin  the  anal3rses  of  samples  of 
fertilizers  collected  by  the  Commissioner  of  Agriculture  during 
1915,  and  transmitted  by  him  for  analysis  to  the  Director  of  the 
New  York  Agricultural  Experiment  Station,  in  accordance  with 
the  provisions  of  Article  9  of  the  Agricultural  Law.  These  analyses 
and  the  accompan3dng  information  are  published  by  said  Director 
in  accordance  with  the  provisions  of  Section  224  of  said  Law. 

Since  many  requests  have  been  received  for  such  data,  it  has 
been  deemed  best  to  give  figures  showing  the  current  values  of 
fertilizer  ingredients,  with  an  illustration  of  the  method  of  apply- 
ing these  figures  in  determining  the  approximate  commercial  val- 
uation of  the  different  brands. 

TRADE-YALXnSS   OF  PLANT-FOOD   ELEBiENTB   IN   RAW  MATBEIALB  AND 

CHEBilCALS 

The  trade-values  in  the  following  schedule  have  been  agreed 
upon  by  the  Ebcperiment  Stations  of  Massachusetts,  Rhode  Island, 
Connecticut,  New  York,  New  Jersey  and  Vermont,  as  a  result  of 
study  of  the  prices  actually  prevailing  in  the  large  markets  of  these 
states. 

These  trade-values  represent,  as  nearly  as  can  be  estimated,  the 
average  prices  at  which,  during  the  six  months  preceding  March, 
the  respective  ingredients,  in  the  form  of  unmixed  raw  materiala, 
could  be  bought  at  retail  for  cash  in  our  large  markets.  These 
prices  also  correspond  (except  in  case  of  available  phosphoric  acid) 

*  A  reprint  of  Bulletin  No.  410,  October,  1915. 
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to  the  average  wholesale  prices  for  the  six  months  preceding  March, 
plus  about  20  per  ct.,  in  cas6  of  goods  for  which  there  are  wholesale 
quotations. 

TBADB-YALUB8  OF  PLANT-POOD  BLBICKNTB  IN   RAW  MATEBIAL8  AND    CHEMICALS. 

1915. 

Cts.  per 
pound. 

Nitrogen  in  nitrates 15 

"          ammonium  salts 15| 

Nitrogen,  organic,  in  fine-ground,  dry  fish,  blood  and  meat 22 

'*'              ''in  cottonseed-meal  and  castor-pomace 20 

'*'               ''in  fine-ground  bone  and  tankage 21 

"               "in  coarse  bone  and  tankage 17 

"               "in  mixed  fertilisers 19 

Phosphoric  acid,  water-soluble 4 

"             "    citrate-soluble  (reverted) 3) 

"             "in  fine-groimd  fish,  bone  and  tankage 4 

*             "in  coarse  fisli,  bone,  tankage  and  ashes 3| 

"             "in  cottonseed-meal  and  castor-pomace 3  J 

"  "in  mixed  fertilircrs,  insoluble  in  ammonium  citrate  or  water.  2 

"  "in  high-grade  sulphate  and  mixtures  free  from  muriates ...  9} 

"            "in  muriate 8J 

"            "in  oottonseed-meal  and  castor-pomaoe 9) 

VALUATION  AND    COST  OP  FERTILIZERS. 

The  total  cost  (to  the  farmer)  of  a  ton  of  commercial  fertilizer 
may  be  regarded  as  consisting  of  the  following  elements:  (1)  Re- 
tail cash  cost,  in  the  market,  of  unmixed  trade  materials;  (2)  cost 
of  mixing;  (3)  cost  of  transportation;  (4)  storage,  commissions  to 
agents  and  dealers,  selling  on  long  credit,  bad  debts,  etc.  While 
the  total  cost  of  a  fertilizer  is  made  up  of  several  different  elements, 
a  commerdcd  valuation  includes  only  the  first  of  the  elements  enter- 
ing into  the  total  cost,  that  is,  the  retail  cash  cost  in  the  market  of 
unmixed  raw  materials. 


VALUAllON  AND  AGRICULTURAL  VALUE. 

The  agricultural  value  of  a  fertilizer  depends  upon  its  crop-pro- 
ducing  power.  A  commercial  valuation  does  not  necessarily  ha\T 
any  relation  to  crop-producing  value  on  a  given  farm.  For  a  par- 
ticular soil  and  crop,  a  fertilizer  of  comparatively  low  commercial 
valuation  may  have  a  higher  agricultural  value;  while,  for  another 
crop  on  the  same  soil,  or  the  same  crop  on  another  soil,  the  reverse 
might  be  true. 
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RUUB   FOB  CaLOULATINO   AfPBOXIMATE   COMICERCIAL  VALUATION   07  MiXED   FER- 
TILIZERS ON  Basis  of  Trade-Values  for  1915. 

Multiply  the  percentage  of  nitrogen  by  3.8. 

Multiply  the  percentage  of  available  phosphoric  acid  by  0.8. 

Multiply  the  percentage  of  insoluble  phosphoric  acid  (total  minus  available)  by  0.4. 

Multiply  the  percentage  of  potash  by  1.8. 

The  sum  of  these  4  products  will  be  the  commercial  valuation 
in  dollars  per  ton  on  the  basis  taken. 

Illustration. —  The  table  of  analyses  shows  a  certain  fertilizer  to 
have  the  following  composition:  Nitrogen  2.52  per  ct.;  available 
phosphoric  acid  6.31  per  ct.;  insoluble  phosphoric  acid  .89  per  ct.; 
potash  6.64  per  ct.  According  to  this  method  of  valuation,  the 
computation  would  be  as  follows: 

Nitrogen 2.52  x  3.8  S9.58 

Available  phosphoric  acid 6. 31  x  0.8  5. 05 

Insohible  phosphoric  acid 0.89  x  0.4  0.36 

Potash 6.64  x  1 .8  11.95 

$26.94 

Farmers  should  be  warned  against  judging  fertilizers  by  their 
valuations.  A  fertihzer,  the  cost  of  which  comes  chiefly  from  the 
phosphoric  acid  present,  would  value  much  lower  commercially 
than  a  fertilizer  with  a  high  percentage  of  nitrogen,  and  yet  the 
former  might  be  the  more  profitable  one  for  a  given  farmer  to 
purchase. 
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Sbpobt  of  Analtbbs  of  Samples  of  Fxbtilizebs  Collxcisd 

bionsb  of  aobicuurube  dubinq  1915. 


BT  IBB  Comas- 


Namb  and  Addbbbs  of  Manufagtuubb 
OB  Jobbbb;  Bband  ob  Trade  Nams; 

AND    LOCALITT    WhbBB    SaMPLB    WAB 
TAKBJf 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fbbtilubb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Alfhano  Humus  Co.,  New  Yobx, 
N.  Y, 
Alfdiaao  Prepared  Humus 
Babylon 

6067 

G* 

F* 

1.25 
1.47 

0.50 
0.74 

0.60 
0.42 

1.32 

American     Agbicultubal     Chemigai/ 
Co.,  New  York,  N.  Y. 
Aeme  Early  Crop  Producer  Special 
Greenlawn 

0676 

G 

F 

G 
F 

4.11 
3.89 

10 
10.01 

11 
10.85 

4 

4.52 

Acme  Special  No.  1  Potato  Manure 
New  York 

0663 

3.29 
3.24 

8  • 
8.57 

9 
9.99 

4 
4.12 

Basic  Lime  Phosphate 
Calverton 

6074 

G 
F 

G 
F 

G 

F 

G 

F 

13 
13.25 

14 
14.71 

Bone  Meal 
New  York 

0353 

1.63 
2.07 

13.73 
18.76 

Bradley's  Alkaline  Phosphate  and 
Potash 
Pann  Yan 

6594 

10 
11.01 

11 
12.41 

2 

2.18 

Bradley's  B.  D.  Guano 
Florida 

0515 

0.82 
0.92 

8 
8.13 

9 
9.57 

3 

2.83 

Bradley's  Big  Dipper 
Sherburne 

6037 

G 
F 

2.47 
2.26 

8 
8.07 

9 
10.95 

2 
2.16 

Bradley's    Complete    Manure    for 
Potatoes      and      Vegetables 
Special 
Aquebogue 

0572 

G 
F 

3.29 
3.22 

8 
7.97 

9 
9.61 

4 
4.10 

Bradley's  Eclipse  Phosphate 
Penn  Yan 

6593 

G 
F 

1.03 
1.19 

8 
8.36 

9 
9.56 

2 
2.44 

Bradley's  Golden  Eagle  Special 
North  Collins 

0924 

G 

F 

4.11 
4.02 

8 
8.18 

9 
10.14 

3 
3.08 

Bradley's  Half  Century  Fertiliier 
Locke 

6561 

G 

F 

2.06 
1.98 

8 
8.14 

9 
9.84 

3 
3.12 

*  These  letten  indicate,  raipeetiyely,  Guaranteed  and  Found. 


r  AoRicuLTUBi  DuKiHO  1916  {eontmved} 


OB  Jobbbb;  Brand  ob  Tbade  Namb; 

AND    LOCAUTT    WhSBB    SAHFLB    WAB 

Takxm 

ber 

PomntB  IN  100  Pounds  op 
Firtiuebb 

Nitro- 
gen 

Avail- 
able 

Total 

Pot»* 

Al«»I0AMAaBlC0LT0B4l,CHBlOCAI.C0., 

Nbw  York,  N.  Y.  (emCtniiMJ) 
Bnulley'B  Eiag  QtKxga 

e67« 

1.23 
1.25 

8 
7.96 

9 
9,04 

2-50 
2.26 

Bradley's  New  Method  Fertilit«r 

0605 

Q 

P 

0.82 
0.92 

8 
8.81 

9 
10.25 

2 
2,14 

BruUey'a    New    BlTal    Fertiluer 
Special 
Herrifidd 

0412 

G 
F 

1.23 
1.36 

9 
9.50 

10 
11.20 

2 
2.26 

YinkenT 

4S32 

G 
F 

0.82 

0.84 

7 
7.64 

8 
9.« 

1 
0.95 

Bradky'a  Patent  8ap«  Pho^hate 
Locke 

6559 

G 
F 

2.06 

1.87 

8 

8.38 

9 
10.25 

1.50 
1-64 

Biadley'B  Special  B.  D.  Guano 
Bergeo 

6476 

G 
F 

0,82 

0.B6 

8 
8.32 

9 
fl.56 

3 
3 

Bradky'a  Special  B.  D.  Guano 
Locke 

6560 

0 
F 

0-82 
0.62 

8 
8,20 

d 

9.86 

3 

FranklinYiUe 

S995 

0 
F 

zz 

12 
11.88 

13 
12,42 

2 
2 

Bradky'B    Special    Superior    Com- 
pound 
Stittvflle 

6762 

a 

F 

0.82 
1,11 

9 
9.04 

10 
10.88 

2 
1.96 

Bndkr'a  Umconi 
Locke 

6562 

G 
P 

1.65 

1,82 

8 
8.52 

9 
10,15 

2 
2-10 

Bndley-e  V(«etable  Ferliliier 
Oroton 

6195 

G 
F 

3.29 
3-32 

10 
10.09 

11 
U 

3 
3-08 

Clark's  Cove  Eiog  PhiUp  Alkaline 
Guano 
OrcbaidPark 

0299 

G 
F 

1-03 
0.78 

8 
7.34 

9 
8.79 

2 
1,88 

Idutte 
D^dee 

0124 

G 
P 

2.47 
2.36 

9 
8.92 

10 
11 

2 
2.16 

*  Hmm  letten  mdi«tte,  req>eativelf ,  Guaranteed  and  Found. 
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Rbfobt  of  Analtbbs  of  Samplbb  of  FBRTiiizaits  Collected  bt  the  Coioos- 

BioMEB  OF  Agbicultubb  Dubinq  1915  (continued) 


Name  and  Addbess  of  Manufactubbb 
OB  Jobbbb;  Bband  ob  Tbadb  Name; 

AMD    LOCALITT    WhEBB    SaMPLB    WAB 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fbbtilizsb 

Nitro- 
gen 

Phosphoric  acid 

Avafl- 
abk) 

Total 

Potash 

Amebican  Aobicultubal  Chemical  Co., 
New  Yobk,  N.  Y.  (conHnued) 
Crocker's  Andior  Brand  Special 
Lodi 

0138 

G* 
F* 

1.65 
1.67 

10 
11.42 

11 
12.80 

3 
2.56 

Crocker's  Best  Truck  Manure 
Sindairville 

0916 

G 

F 

4.11 
3.84 

8 
8.90 

9 
10.90 

3 
3.04 

Crocker's  Diasolved  Phosphate  and 
Potash 
Cherry  Valley 

0307 

G 
F 

10 
10.14 

11 
11.56 

2 

2.10 

Crocker's  Garden  Fertiliser 
North  Tonawanda 

0218 

G 
F 

G 

F 

3.29 
3.11 

9 

9.27 

10 
10.95 

2 
2.16 

Crocker's  General  Crop  Fertiliser 
Cherry  Valley 

0309 

0.82 
1.00 

7 
8.47 

8 
9.71 

1 
1.39 

Crocker's  Harvest  Jewel  Fertiliser 
Center  Village 

0396 

G 
F 

G 

F 

G 

F 

1.65 
1.86 

8 
8.08 

9 
9.40 

2 
2.96 

Crocker's  High  Grade  Special  Re- 
vised 
Cherry  Valley 

0305 

1.65 
1.60 

8 
8.46 

9 
9.60 

3 
3.22 

Crocker's  New  Rival  Fertiliser 
Dundee 

0123 

1.23 
1.42 

9 
9.24 

10 
10.80 

2 
2.30 

Crocker's  Nobsque  Guano 
Ontario 

0605 

G 

F 

1.03 
0.85 

8 
7.40 

9 
8.80 

2 
209 

Crocker's  Paragon  Phosphate  Special 
Palmyra 

0623 

G 

F 

G 
F 

12 
11.67 

13 
12.35 

2 
2.10 

Crocker's  Potato,  Hop  and  Tobacco 
Fertiliser 
Gowanda 

0282 

2.06 
2.03 

8 
7.99 

9 
9.85 

3 
3.04 

Crocker's  Special  Colonial  Fertilizer 
Sandusky 

0217 

G 

F 

G 
F 

2.47 
2.53 

10 
10.10 

11 
11.48 

3 

3.04 

Crocker's  Special  Complete  Manure 
Newark 

6572 

0.82 
0.88 

8 
7.36 

9 
8.30 

3 
2.85 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 


847 


Repobt  of  Analtbbs  of  Saiiflbs  of  Fbbtilizebs  Collected  bt  the  Commib- 

8IONEB  OF  Agbicultube  Dttbino  1915  (conHnued) 


Name  and  Addbess  of  Manxtfactubeb 
OB  Jobbeb;  Bband  ob  Tbade  Name; 
AND  Locality  Whebb  Sample  wab 
Taken 

Num- 
ber 

G* 

F* 

Pounds  in  100  Pounds  of 
Febtilizbb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
abk» 

Total 

Potash 

Ambbican  AoBicui/ruBAL  Chemical  Co., 
New  Yobk,  N.  Y.  (continued) 
Crocker's  Special  Potato  Manure 
RevJiaed 
Cutchogue 

6059 

3.29 
3.24 

8 
8.07 

9 
9.65 

4 
4.26 

Crocker's  Universal  Grain  Grower 
Tonawanda 

0219 

G 

F 

0.82 
0.86 

8 
7.96 

9 
9.60 

2 
2.16 

Crocker's  Wheat  and  Com  Fertilizer 
Cherry  Valley 

0306 

G 

F 

... 

G 

F 

G 

F 

G 
F 

G 
F 

2.06 
2.23 

8 
8.10 

9 
10.10 

1.50 
1.60 

Darling's  Blood,  Bone  and  Potash 
Special 
Jamesport 

6052 

4.11 
4.09 

10 
10.46 

11 
11.22 

4 
3.90 

Darling's  Special  Long  Island  A 
Mattituck 

0565 

3.29 
3.31 

8 
7.86 

9 
9.12 

4 
4.12 

Dry  Ground  Fish 
New  York 

0669 

8.23 
8.54 

6 

7.67 

East  India  Com  King  Special 
Deposit 

6933 

2.47 
2.23 

10 
9.87 

11 
11.07 

3 
2.70 

East  India  Eoonomiier  Phosphate 
Deposit 

6931 

G 
F 

G 

F 

0.82 
1.41 

8 
7.94 

9 
9.08 

2 
4.15 

East    India    Garden    and    Farm 
Special  Manuro 
Deposit 

6932 

3.29 
3.28 

10 
9.88 

11 
11.12 

3 
3 

East  India  Ideal  Mixturo 
Apalachin 

5887 

G 
F 

G 
F 

10 
10.34 

11 
11.64 

2 
2.30 

East  India  Ideal  Mixturo 
Cortland 

04 

10 
9.88 

11 

10.44 

2 
2.06 

East  India  Mayflower 
Cortland 

07 

G 

F 

G 

F 

1.65 
1.77 

8 
7.96 

9 
9.46 

2 
2.08 

East    India    Monarch    Phosphate 
Special 
Mapleton 

0411 

12 
12.11 

13 
12.91 

2 
2.26 

*  These  letters  indicate,  respectivAly,  Guaranteed  and  Found* 


848 


Report  on  Inspection  Work  of  the 


RapoBT  OF  Analtbbs  of  Samflu  of  VmsenusMBB  Coumctkd  bt  thb  Goi 

siONXB  OF  Aqbicuvtubm  Dxtbhto  1915  (amttnuecO 


Name  and  Addbxss  of  Manufactubeb 
OR  Jobber;  Bbajno  ob  Tbadb  Name; 

AND    LOCATJTT    WhBBE    SaMFLB    WAB 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtiuseb 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

AmEBIGAN  AOBICUIiTUBAL  GhEMICAL  Co., 

New  Yobk,  N.  Y.  (continued) 
East  India  Pilgrim  Fertiliaer  Special 
Ck>rtland 

05 

G* 
F* 

0.82 
0.95 

8 
8.06 

9 
9.86 

3 
3 

East  India  BeviBed  Victor  Special 
Bridgehampton 

0588 

G 

F 

3.29 
3.37 

8 
8 

9 
8.90 

4 

4.73 

East  India  Roanoke  Phosphate 
Sherburne 

0936 

G 

F 

1.03 
1.23 

8 
8.22 

9 
9.60 

2 
1.87 

East  India  Unexcelled  Fertiliser 
White  Plains 

4836 

G 
F 

2.06 
2.29 

8 
8.35 

9 
9.35 

3 
2.96 

East  India  UnexoeUed  Fertiliser 
New  York 

0668 

G 

F 

2.06 
2.07 

8 
8.43 

9 
9.50 

3 
3.32 

Fine  Ground  Bone 
New  York 

0352 

G 

F 

2.47 
2.61 

22.88 
26.49 

14%  Add  Phosphate 
FranklinviUe 

5994 

G 
F 

14 
13.07 

15 
14.21 

Great  Eastern  DissolTed  Acid  Phos- 
phate 
Salem 

4893 

G 

F 

14 
13.80 

15 
14.36 

Great  Eastern  Garden  Special  Re- 
vised 
Water  MiU 

0589 

G 
F 

3.29 
3.25 

8 
7.86 

9 
9.10 

4 

4.27 

€rreat  Eastern  General  Revised 
Jordanville 

6705 

G 

F 

0.82 
0.86 

8 
9.95 

9 
10.15 

2 
2.06 

Great  Eastern  General  Revised 
Florida 

0518 

G 
F 

0.82 
1.05 

8 
8.12 

9 
9.98 

2 

2.22 

Great  Eastern  High  Grade  Potato 
Fertiliser 
Gouvemeor 

5263 

G 
F 

1.65 
1.60 

10 
10.07 

11 
11.37 

3 

3.22 

Great     Eastern     Peerieas     Potato 
Special  Manure 
Clayton 

5266 

G 
F 

1.23 
1.18 

10 
10.01 

11 
11.43 

2.50 
2.70 

*  These  letters  indicate,  respeotivel/.  Guaranteed  and  Founds 


New  Yobk  Agricultubaij  Expebiment  Station. 


849 


RSFOBT  OF  AnALTBIS   OF  RAlfFTilfl  OF   FlBTIUCBBS   COLLBGTBD   BT   IBB 

BiONBB  OF  AaBiouLTURB  DiTBiNo  1915  (fionUnued) 


NaKB  AHD  AdDBBBB  OF  MANTrFACTOBBB 

OB  Jobbbb;  Bband  ob  Tbadb  Namb; 

Ain>    LOGALITT    WhBBB    SaMPLB    WAfl 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fbbtilisbb 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

Ambbioan  AoBicuuruBAii  Chbmioal  Ck>., 
New  Yobk,  N.  Y.  {continued) 
Great  Eastam  Soluble  Bone  and 
Potash 
EastSohodaok 

0876 

G* 

11 
10.80 

12 
12.20 

2 
2.12 

Qieat  EaBtem  Vegotable  Vine  and 
Tobaooo 
Florida 

0506 

G 

F 

2.06 
2.08 

8 
8.27 

9 
10.11 

3 
3.16 

Ground  Tankage  6-30 
New  York 

0400 

G 

F 

G 

F 

4.94 
4.89 

13.73 
14.76 

High  Grade  Crop  Produoer 
Qroton 

6196 

1.65 
1.8;^ 

9 
9.17 

10 
10.26 

3 

3.16 

High  Grade  Dried  Blood 
New  York 

0386 

G 
F 

9.87 
9.55 

LaMietto  Ck>mp]ete  Truck  Fertiliier 

6668 

G 
F 

3.29 
3.00 

10 
10.73 

11 
12.03 

3 

3.02 

Miehigan    Carbon   Works   General 
Crop  Fertiliaer  Special 
IVedonia 

0249 

G 

F 

0.82 
0.81 

8 
7.93 

9 

8.99 

3 
3.14 

Miohigan  Carbon  Works  Homestead 
Fertiliser 
Newark 

6570 

G 

F 

2.06 
2.01 

8 
7.84 

9 
9.18 

1.50 
1.70 

Miehigan  Carbon  Works  Homestead 
Potato  and  Tobacco  Fertiliser 
Newark 

6671 

G 
F 

2.06 
2.05 

8 
7.92 

9 
9.50 

3 

3.04 

Michigan  Carbon  Works  Red  Line 
Phosphate  with  Potash 
Fredonia 

0248 

G 

F 

10 
9.77 

11 
10.45 

2 
1.90 

Milsom's  Buffalo  Fertiliaer 
West  Falls 

0923 

G 
F 

2.06 
2.07 

8 
8.22 

9 
9.48 

1.50 
1.86 

Milsom's  Buffalo  Guano  Special 
Elba 

6490 

G 
F 

0.82 
0.83 

8 
7.90 

9 
8.96 

3 
3.12 

*  Jbese  IcttCCT  indieate,  respectively,  Guaranteed  and  Found. 


850 


Report  on  Inspection  Work  of  the 


RsPORT  OF  Analyses  of  Samplub  of  Fbbtilizsbs  Collected  by  the  Comoa- 

sioNEB  OF  Agbicultube  Dubinq  1915  (canHnued) 


Name  and  Address  of  Manufactubbb 
OR  Jobber;  Brand  or  Trade  Name; 
and  Localitt  Where  Sample  was 
Taken 

Num- 
ber 

G* 

F* 

G 

F 

G 
F 

G 
F 

G 
F 

G 

F 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

American  Agricultural  Chemical  Co., 
New  York,  N.  Y.  (corUiniied) 
Milsom's  Buffalo  Guano  Special 
Hudson 

0486 

0.83 
083 

8 
8.47 

9 
9.55 

3 
3.02 

Milsom's  Corn  Fertiliser 
Lyons 

6576 

2.47 
2.46 

9 
8.36 

10 
9.82 

2 
1.96 

Milsom's  Crown  Phosphate 
Dundee 

0122 

10 
10.84 

11 
12.40 

2 

2.14 

Milsom's  Erie  King  Fertilizer 
Lestershire 

6946 

0.82 
0.88 

7 
8.08 

8 
9.80 

1 

1.16 

Milsom's  Erie  King  Fertilizer 
Romulus 

0127 

0.82 
0.86 

7 
7.10 

8 
8.54 

1 
0.99 

Milsom's  Good  Progress 
Clarence 

0297 

2.47 
2.19 

5 
4.96 

6 
6.24 

3 
3.35 

Milsom's  Imperial  Phosphate  Special 
Penn  Yan 

0116 

G 
F 

G 

F 

12 
12.39 

13 
12.73 

2 
2.04 

Milsom's  Potato,  Hop  and  Tobacco 
Fertilizer 
McGrawville 

03 

2.06 
2.00 

8 
8.02 

9 
10.10 

3 
3 

Milsom's  Special  Potato  and  Cab- 
bage Manure 
Andover 

0215 

G 

F 

G 

F 

G 
F 

G 

F 

G 
F 

0.82 
0.84 

9 
9.10 

10 
10.26 

3 

3.25 

Milsom's  Special  Soil  Enricher 
Lyons 

6573 

1.65 
1.68 

8 
7.70 

9 
9.32 

3 
353 

Milsom's  Truck  Fertilizer 
Lyons 

6574 

3.29 
3.09 

10 
10.43 

11 
11.99 

3 

3.12 

Milsom's  Wheat,  Oats  and  Barley 
Fertilizer 
Lyons 

6575 

0.82 
0.86 

8 
7.23 

8.65 

2 
2.20 

Nitrate  of  Soda 
Mattituck 

0566 

15 
14.85 

*  These  letters  indicate,  respectiyely,  Guftr»oteed  and  Found. 


New  York  Agricultural  Experiment  Station. 


851 


RbPORT  of   AnALTSSS   of  SaMPLBB   of   FeBTZLIZSBS   CoLLBOTED   BT   the   GoMMIfih 

BiONBB  of  AoBicuimTBX  DuBiNo  1915  (corUtnued) 


Namb  and  Addbxbs  of  Manttfagtubbb 
OB  Jobbbb;  Bband  ob  Tbadb  NAiis; 

AND    LOCALITT    WhBBB    SaMPLB    WAB 

Taubn 

Num- 
ber 

« 

Pounds  in  100  Pounds  of 
Fbbtiuzbb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

AifEBicAN  Aqbicuivixtbal  Chbmical  Co., 
Nbw  Yobk,  N.  Y.  (conHnued) 
North  Westem  Challenge  Feriilixer 
liowville 

6706 

G* 

F* 

1.03 
1.04 

8 
10.01 

9 
10.29 

2 
2.08 

North  WeBiem  Comi^ete  Compound 
Special 
Oneonta 

6778 

G 
F 

G 

F 

0.82 
1.08 

8 
8.49 

9 
10.01 

3 
3,18 

North  Westem  Electric  Phoephate 
WatkinB 

6589 

10 
10.23 

11 
10.95 

2 
2 

North  Westem  Horse  Shoe  Brand 
Special 
Lestershire 

6909 

G 
F 

12 
12.31 

13 

13.23 

2 
2.80 

North  Westem  Red  Line  Fertiliser 
Special 
Lestershire 

6908 

G 
F 

2.47 
2.26 

8 
8.50 

9 
9.98 

3 
3.97 

North    Westem    Special    Diamond 
Potash  Mixture 
Oneonta 

6777 

G 

F 

1.65 
1.61 

10 
10.39 

11 
11.81 

3 
2.86 

North     Westem     Special     Garden 
Manure 
Oneonta 

6770 

G 
F 

3.29 
1.89 

10 
8.58 

11 
10.15 

3 
2.79 

North    Westem    Special    Shawnee 
Phoephate 
Florida 

0503 

G 
F 

1.65 
1.68 

8 
8.29 

9 
10.03 

3 
2.98 

North  Western  Success  Phosphate 
Heddens 

6991 

G 
F 

0.82 
0.99 

7 
7.76 

8 
8.30 

1 
1.24 

Odorless  Grass  and  Lawn  Top  Dress- 
ing 
Albany 

0711 

G 

F 

G 
F 

3.91 
3.75 

5 
5.20 

6 
5.70 

2 
2.02 

Pacific  Nobsque  General  Guano 
Colden 

0921 

1.03 
0.91 

8 
8.21 

9 
9.45 

2 
2.06 

These  letters  indicate, 


,  Guaranteed  and  Found* 


852 


Report  on  Inspection  Work  of  the 


Rbpobt  of  Analtbbb  of  Samflis  of  FBBnuziBS  Ck>LiACTBD  BT  1HB  Coiom- 

8I0NKB  OF  Aqbicui/tubx  Dubino  1915  (continued) 


"Same  and  Addbibb  of  Manxtfagtubeb 
OB  Jobbbb;  Bband  ob  Tbadb  Name; 

AND    LOCAUTT    WkBBB    SaMFLB    WA8 

Taxbn 

Num- 
ber 

Pounds  in  100  Pounds  of 

Fbrtilueb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

T^„i__l, 

XTnasn 

Ambbigak  AGBicmmTBAL  Chemical  Co., 
New  York,  N.  Y.  (continued) 
Packers'     Union     Banner     Wheat 
Grower 
EastSchodaok 

0S73 

G* 
F* 

10 
11.18 

11 
12.66 

2 
2.20 

Packers'  Union  Old  Abe  Superior 
Crop  Qrower 
Florida 

0537 

G 
F 

0.82 
0.98 

8 
8.52 

9 
9.82 

3 
2.92 

Packers'     Union     Special     Potato 
Manure 
New  York 

0660 

G 

F 

2.06 
2.16 

8 
8.46 

9 
9.70 

8 

3.48 

Packers'  Union  Superior  Add  Phos- 
phate 
Bainbridge 

068 

G 

F 

14 
14.21 

15 
16.35 

Potomac  Garden  and  Com  Manure 
New  York 

0390 

G 
F 

2.47 
2.49 

10 
10.16 

11 
11.54 

3 
3.12 

Potomac  General  Crop  Compoimd 
New  York 

0384 

G 
F 

2.47 
2.50 

8 
7.75 

9 
9.35 

3 

2.96 

Potomac  Ideal  Potato  Manure 
New  York 

0385 

G 
F 

3.29 
3.28 

10 
10.22 

11 
11.22 

3 

2.96 

Potomac  Special  Truck  Manure 
New  York 

0383 

G 
F 

G 
F 

4.11 
4.21 

8 
8.21 

9 
9.45 

3 
3.92 

Pulverised  Sheep  Manure 
New  York 

0670 

2.06 
2.05 

1.25 
1.79 

1 
6.19 

1.67 

Ashes 
Northport 

6100 

G 
F 

2 
2.61 

Quinnipiac   Ammoniated   Dissolved 
Bone 
Springwater 

0435 

G 

F 

1.65 
1.65 

8 
8.34 

9 
9.10 

2 
2 

Quinnipiac  "  B  "  Fertiliser  Spedal 
Colden 

0922 

G 
F 

0.82 
0.82 

8 
7.85 

9 
8.91 

3 

3  06 

*  Thsss  lettets  indicate,  lespaotiyely,  Qusnuteed  and  Found. 


New  Yoek  Ageicttltural  Experiment  Station. 


853 


Rbpobt  of  Analyses  of  Samples  of  Febtilizebs  Collegtbo  bt  the  Gomos- 

siONEB  or  AoBicuLTUBB  DuBiNO  1015  {continued) 


Name  and  Addbbss  of  Manufagtubeb 
OB  Jobbeb;  Bband  ob  Tbade  Name; 

AND    LOCALTTT    WhEBB    SaMPLE    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 

Febhuzkb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Amebican  Aqbicultubal  Chemical  Co., 
New  Yobk,  N.  Y.  (continued) 
Quinnipiac  Climax  Phosphate 
Romulus 

0126 

G* 

F* 

1.03 
0.88 

8 
8.27 

9 
9.97 

2 
2.42 

Quimupiao  Market  Garden  Manure 
Special 
Hioksville 

0684 

G 

F 

3.29 
3.32 

8 
8.80 

9 
9.90 

4 
4.62 

Quinnipiac  Mohawk  Fertilizer 
Baldwinsville 

033 

G 

F 

G 
F 

0.82 
0.90 

7 
7.78 

8 
9.66 

1 
0.96 

Quinnipiac  Potato  Phosphate 
Orchard  Park 

0300 

2.06 
2.04 

8 
8.43 

9 
10.11 

3 

3.28 

Raw  Calcutta  Bone 
Newburgh 

5609 

G 
F 

3.70 

3.87 

22.88 
22.79 

Read's  All  Crops  Fertilizer 
Florida 

0504 

G 

F 

0.82 
1.07 

9 
9.50 

10 
10.70 

3 
3.12 

Read's  Champion  Phosphate 
Pleasantville 

0466 

G 

F 

10 
10.93 

11 
12.45 

2 
2.10 

Read's  Farmers'  Friend  Superphos- 
phate 
Clyde 

0103 

G 
F 

2.06 
2.06 

8 
8.12 

9 
10.20 

3 
3.16 

Read's  Farmers'  Reliable  Special 
Manlius 

022 

G 
F 

12 
12.62 

13 
13.96 

2 
2 

Read's  High  Grade  Farmer's  Friend 
Superphosphate  Special 
East  Homer 

017 

G 

F 

G 
F 

G 

F 

3.29 
2.25 

10 

8.85 

11 
10.06 

3 
2.76 

Read's  Leader  Fertiliser 
Pleasantville 

0467 

0.82 
1.11 

7 
8.09 

8 
9.45 

1 
1.24 

Read's  Lightning  Brand 
Clarence  Center 

0298 

4.94 
3.74 

7 
7.24 

8 
8.66 

3 

2.64 

Read's  Pioneer  Fertiliser 
East  Homer 

016 

G 

F 

0.82 
0.93 

8 
8.67 

9 
0.63 

2 
2.10 

*  These  ktters  indioate,  respectively,  Guaranteed  and  Found. 


854 


Report  on  Inspection  Work  of  the 


Repobt  of  Analtbbs  of  Samples  of  Fertilizebs  Collected  bt  the  Commis- 

siONEB  OF  Agbigulture  Durinq  1915  (continued) 


Name  and  Addbess  of  Manufacturer 
OR  Jobber;  Brand  or  Tbade  Name; 
AND  Localitt  Whebb  Sample  was 
Taken 

Num- 
ber 

G* 
F* 

G 

F 

Pounds  in  100  Pounds  of 
Fertiuzer 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potadi 

American  Agbicui/tubal  Chemical  Co., 
New  York,  N.  Y.  (continued) 
Read's  Potato  and  Truck  Phosphate 
Wyandanch 

6092 

3.29 
3.54 

8 
8.11 

9 
9.39 

4 
4.39 

Read's  Special  Com,  Wheat  and  Rye 
Fertilizer 
Bergen 

6475 

1.65 
1.66 

8 
7.90 

9 
9.44 

3 
3.28 

Read's  Vegetable  and  Vine  Fertilizer 
Special 
Lowville 

6707 

G 

F 

G 
F 

2.47 
2.59 

8 
9.02 

9 
9.84 

3 

3  95 

Reese's  Crown  Phosphate  and  Potash 
East  Bethany 

6655 

" 

11 
12.67 

12 
13.55 

2 

1.89 

16%  Acid  Phosphate 
Watkins 

6588 

G 

F 

16 
16.60 

17 
17.38 

Special  Complete  Manure  for  Top 
Dressing 
New  York 

0662 

G 

F 

G 
F 

G 
F 

G 
F 

G 

F 

G 
F 

G 

F 

G 

F 

4.94 
4.98 

7 
7.23 

8 
8.65 

3 
3.14 

Wheeler's  Com  Fertiliser 
New  York 

0671 

1.65 
1.78 

8 
8.66 

9 
10.62 

2 
2.27 

Wheeler's  Grass  and  Oats 
Hartwick 

6792 

11 
11.44 

12 
12.68 

2 
2.18 

Wheeler's  Peerless  Acid  Phosphate 
Erin 

0427 

14 
14.68 

15 
15.46 

Wheeler's  Potato  Manure 
New  York 

0659 

2.06 
2.15 

8 
8.69 

9 
9.89 

3 

3.44 

Wheeler's  Royal  Wheat  Grower 
Pine  Island 

0519 

0.82 
0.93 

8 
8.04 

9 
9.18 

2 

2.28 

Wheeler's  Special  Superior  Track 
New  York 

0G04 

3.29 
3.37 

8 
8.54 

9 

10 

4 

4.31 

Wheeler's  Track  Fertiliser 
Mahopao 

0464 

3.29 
3.37 

6 
8.24 

7 
10.04 

3 
2.63 

*  These  letters  indioatOi  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 
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Report  of  Analtsss  of  Samples  of  Fbrtiijzbbs  Collected  bt  the  Commis- 

8I0NSB  OF  AQBicui;ruBB  DuHiNG  1915  (eorUinued) 


!!^AMB  AND  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 
and  Locality  Where  Sample  was 
Taken 

Num- 
ber 

G* 

F* 

G 

F 

G 

F 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

American  Agricultural  Chemical  Co., 
New  York,  N.  Y.  (continued) 
Williams  &  Clark's  Ajnericus  Coin 
Phosphate 
East  Schodack 

0877 

2.06 
2.06 

8 
7.79 

9 
9.83 

1 
1.22 

Williams  &  Clark's  Americus  Potato 
Manure 
Chateaugay 

3792 

2.06 
2.06 

8 
8.91 

9 
10.75 

3 
3.18 

Williams  &  Clark's  Elk  Brand  Special 
BerUn 

4866 

0.82 
1.01 

8 
8.78 

9 
10.44 

3 
3.10 

WilHams  A  Clark's  Fruit  Tiee  In- 
vigorator 
ApaUchin 

5888 

G 
F 
G 
F 
G 
F 
G 
F 

10 
10.68 

11 
11.64 

8 
8.08 

Williams  &  Qark's  Matchlms  Fer- 
tiUser 
Hamburg 

0273 

1.65 
1.59 

8 
8.50 

9 
9.90 

2 
2.06 

Williams  A  Clark's  Meadow  Queen 
Fertiliser 
White  Plains 

0474 

2.47 
2.65 

9 
10.01 

10 
11.25 

2 
2.33 

Williams   &    Clark's  Potato    Phos- 
phate Special 
Hamburg 

0275 

2.47 
2.34 

8 
8.50 

9 
10 

3 
3.14 

Wiltiams  &  Clark's  Prolific  Fertiliser; 

Hamburg                                        0274 

G 

F 

G 
F 

0.82 
0.89 

7 
7.87 

8 
9.15 

1 
1.02 

Williams  &  Clark's  Royal  Phosphate! 

HarpersviUe                                 i  6969 

1.03 
1.18 

8 
9.12 

9 

10.22 

2 
2.14 

Williams  A  Qark's  Triumph  Phos- 
phate 
Berlin 

4864 

G 
F 

10 
10.66 

11 
11.60 

2 
2.08 

WiUiams  &  Clark's  Utility  Brand 
Williamson 

6106 

G 
F 

G 
F 

3.29 
3.11 

10 
10.20 

11 
11.70 

3 
3.44 

XXX  Phosphate  &  Potash  Special 
Deposit 

6935 

14 
14.21 

15 
15.53 

2 
2.22 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 
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Report  on  Inspection  Work  op  the 


RXPOBT   OF   ANALTBSS    OF   SAMPLES   OF   FbBTIUKBBS   COLLECTED   BT   THE   CrOlOIIF- 

aioNEB  OF  Agricultubb  During  1915  {o(mtinued) 


Name  and  Addbbss  of  Manufactuber 
OR  Jobber;  Brand  or  Trade  Name; 

AND    LOCALTTT    WhEBB    SaMPLE    WAS 

Taken 

Num- 
ber 

PoxmDs  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  add 

AvaU- 
able 

Total 

Potash 

American  Agricui/tural  Chemical  Co., 
New  York,  N.  Y.  (concluded) 
Zell's  EoonomiMr  Phosphate 
Stafford 

0635 

G* 

F* 

0.82 
0.98 

8 
8.29 

9 
9.29 

2 
2.02 

ZeU'8  Electric  Phosphate 
Waterloo 

6679 

G 

F 

10 
10.13 

11 
10.76 

2 
2 

Zell'8  High  Grade  Phosphate  and 
Potash 
Marion 

0621 

G 
F 

12 
12.07 

13 
12.60 

2 

1.91 

ZeU's  High  Grade  Wheat  and  Com 
Manure  Special 
Marion 

0620 

G 
F 

1.65 
1.74. 

10 
9.82 

11 
11.62 

3 
3.28 

Zell's  Hustler  Phosphate 
Waterloo 

6577 

G 

F 

0.82 
0.89 

9 
8.76 

10 
9.96 

3 

2.88 

Zell's  Revised  Special  Compound  for 
Potatoes  and  Vegeti^les 
Waterloo 

6578 

G 

F 

2.47 
2.47 

8 
8.40 

9 
9.90 

3 

2.67 

Zell's  Victor  Manure 
Prattsburg 

0404 

G 

F 

3.29 
3.11 

6 
6.76 

7 
8.44 

3 
3 

American     FERTiLinNG    Co.,    BAim- 
more,  Md. 
American  Eagle  Crop  Grower 
Manlius 

024 

G 

F 

1.65 
1.89 

8 
8.66 

9 
9.25 

2 
2 

American  Eagle  Crop  Grower 
Medina 

0294 

G 
F 

1.65 
1.91 

8 
8.10 

9 

8.72 

2 
2.34 

American  Eagle  Truck  and  Vegetable 
Manure 
Manlius 

026 

G 
F 

S.29 
2.85 

8 
9.25 

9 
10.10 

3 
3.19 

American  Eagle  Truck  and  Vegetable 
Manure 
Medina 

0295 

G 
F 

3.29 
3.18 

8 
8.86 

9 
9.72 

3 

3.25 

American  Fish  and  Bone  Compound 
Trumansburg 

06 

G 
F 

1.65 
1.62 

8 
8.06 

0 
9.80 

3 
3.80 

^^bsee  ktten  indicate,  nspeotively,  Guaranteed  and  Fwiiid. 


New  York  Agricultural  Experiment  Station. 
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HXPOBT   OF   ANAIiTBES   OF   8aMPLBB    OF    FeRTIUZEBS   COLLECTED    BT   THE   CoiimS- 

BiONEB  OF  AoBicui/ruRE  DuRiNo  1915  {continued) 


Name  and  Addbebs  of  Manufactubeb 
OB  Jobbbb;  Bband  ob  Tbade  Name; 
and  Looalttt  Where  Sample  was 
Taken 

Num- 
ber 

G* 

F* 

G 
F 

G 

F 

G 
F 

Pounds  in  100  Pounds  of 
Fertilizeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Amxbican  Aobicultubal  Chemical  Co., 
New  Yobk,  N.  Y.  (continued) 
American   Good  Luck  Crop  Com- 
pound 
Rushville 

0145 

1.65 
2.01 

12 
12.94 

13 
13.84 

3 
3.71 

American  Grain  and  Gnun  Grower 

Attica 

0644 

0.82 
0.91 

9 
9.29 

10 
10.65 

3 
3.52 

American  High  Grade  Acid  Phos- 
phate 
South  Dayton 

0288 

16 
17.68 

17 
18.18 

American  Pilot  Grain  Grower 
RuRhviUe 

0144 

0.82 
1.09 

12 
13.06 

13 
13.74 

1 
1.28 

American  Premium  Phosphate  and 
PotaHh 
ManliuB 

025 

G 

F 

G 

F 

12 
12.66 

13 
14.04 

2 
2.16 

American  Rescue  Crop  Compound 
Sprin(prille 

0260 

1.65 
1.70 

10 
11.41 

11 
12.65 

3 
3.18 

American    Victor    Phosphate    and 
Potash 
Batavia 

0637 

G 
F 

14 
14.60 

15 
15.82 

2 
2.45 

Ammoniated  Bone  Compound 
South  Dayton 

0289 

G 
F 

G 
F 

G 

F 

G 
F 

G 
F 

0.82 
0.96 

8 
8.32 

9 
9.44 

2 
2.22 

Bob  White  Emergency  Compound 
Springville 

0259 

1.23 
1.25 

9 
9.25 

10 
10.35 

3 
3.43 

Dissolved  Bone  and  Potash 
Trumansburg 

013 

10 
11.98 

11 
13.50 

2 
1.77 

High  Grade  Acid  Phosphate 
Eagle 

6671 

14 
16.12 

15 
16.60 

Pore  Raw  Bone 
South  Dayton 

0286 

2.87 
2.50 

16 
13.16 

10%  Tankage 
South  Dayton 

0287 

G 

F 

8.23 
8.28 

These  letters  indicate,  respeotiyely,  Guaranteed  and  Found. 
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Report  on  Inspection  Work  op  the! 


Report  or  Analyses  of  Samples  of  Fertilizer.*?  Collected  bt  thb  Comiis- 

sioNER  OF  Agriculture  During  1915  (continued) 


Namx  and  Address  op  Manufacturer 
OB  Jobber;  Brand  ob  Trade  Name; 

AND    LOCALITT    WhERE    SaIIPLE    WAS 

Taken 

Num- 
ber 

G* 
F* 

G 

F 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Armour    Febtilizeb    Works,    Balti- 
more, Md. 
Armour's  2-12-2  Fertiliser 
Wyoming 

6663 

1.65 
1.56 

12 
13.25 

12.50 
13.49 

2 

1.98 

Armour's  3-8-3  Fertilifer 
Homer 

6199 

2.47 
2.52 

8 
7.87 

8.50 
8.97 

3 
3.16 

Armour's  3-8-3  Fertilieer 
E&rlvllle 

6060 

G 
F 

G 

F 

G 

F 

G 
F 

G 
F 

G 

F 

G 
F 

2.47 
2.45 

8 
8.65 

8.50 
9.41 

3 
3.06 

Armour's  3-8-3  Fertiliser 
Syracuse 

035 

2.47 
2.41 

8 
7.89 

8.60 
8.33 

3 

3.04 

Armour's  4-8-3  Fertiliser 
Boonville 

6760 

3.29 
3.25 

8 
7.34 

8.60 
9.22 

3 

3.30 

Armour's  4-8^  Fertiliser 
Riverhead 

0595 

3.29 
3.55 

8 
7.64 

8.50 
9.07 

4 
3.94 

Armour's  5-8-3  Fertiliser 
Florida 

0512 

4.11 
4.10 

8 
7.42 

8.50 
9.12 

3 

3.02 

Armour's  5-8-4  Fertiliser 
Riverhead 

0596 

4.11 
3.94 

8 
7.69 

8.50 
9.23 

4 

4.26 

Armour's  5J-4-3  Fertiliser 
Corniiig 

0430 

4.52 
4.67 

4 
3.94 

4.50 
4.80 

3 
3.21 

Armour's  6-9-3  Fertiliser 
Amity 

0522 

G 
F 

4.93 
4.21 

9 
8.33 

9.50 
9.52 

3 
3.62 

Armour's  Acid  Phosphate 
Rome 

6702 

G 

F 

16 
16.40 

16.50 
17.10 

Armour's  Bone  Meal 
Springville 

5986 

G 

F 

G 

F 

G 

F 

2.47 
2.82 

22 
23.78 

Armour's  Com  and  Grain  Champion 
Springville 

5988 

1.65 
1.66 

9 
8.91 

9.50 
9.81 

3 
3 

Armour's  Crop  Grower 
Boonville 

6756 

0.82 
0.89 

8 
8.10 

8.50 
8.98 

2 

1.88 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 
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Rbpobt  of  Analyses  of  Samples  of  Fertilizers  Collected  bt  the  Coions- 

siONER  OF  Agrigxtltube  During  1915  (conUnued) 


Naice  and  Addbbss  OF  Manufacturer 
OB  Jobbbb;  Brand  or  Trade  Name; 
and  Logautt  Where  Sample  was 
Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Armour    Fertilizer    Works,    Balti- 
more, Md.  {condtLded) 
Aimour's  Fanners  Choice 
Boonville 

6757 

G* 

F* 

0.82 
0.82 

9 
8.90 

9.50 
9.47 

3 
3.01 

Armour's  Grain  Grower 
Springville 

5987 

G 

F 

G 
F 

G 

F 

G 
F 

1.65 
1.49 

8 
8.37 

8.60 
9.05 

2 
2.16 

Armour's  Ground  Tankage  9  and  11 
Rome 

6703 

7.40 
7.30 

6.87 
6.75 

Armour's  Phosphate  and  Potash 
Boonville 

6755 

12 
12.17 

12.50 
12.65 

2 
1.90 

Armour's  Phosphate  and  Potash  No.l 
Boonville 

6769 

10        1  10.60 
9.95  1  10.29 

2 

2.16 

Armour's  Raw  Bone  Meal 
Springville 

0253 

G 

3.70 
3.43 

21.50 
21.90 

Armour's  Star  Phosphate 
Yorktown 

0480 

G 
F 

G 
F 

G 

F 

\j^             t    t4    Rf\ 

13.98 

14.32 

Armour's  Star  Phosphate 
Aquebogue 

0571 

14 
14.01 

14.50 
14,19 

Armour's    Wheat,    Com    and    Oat 
Special 
Boonville 

6761 

0.82 
0.94 

7 
6.77 

7.50 
7.69 

1 
1.26 

Dried  Blood 
Creedmore 

6098 

G 

F 

13.16 
13.17 

• 

Nitrate  of  Soda 
Middletown 

0510 

G 
F 

14.81 
15.29 

Nitrate  of  Soda 
Kings  Park 

0804 

G 

F 

G 
F 

14.81 
15.38 

Atlantic   Fertiuseeb  Works,   BAi/n- 

MORE,  Md. 
Atlantic  Arrow  Brand  Special 
Sidney 

6444 

0.82 
0.81 

8 
8.66 

1 
0.86 

10.52 

*  These  letten  Indicate,  req>ectiyely,  Guaranteed  and  Found. 
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Report  on  Inspection  Work  op  the 


Bbpobt  of  ANAiiTBBS  OF  Samfixb  OF  Fbbtoiesbs  Coi«liictbd  bt 

BiONSB  OF  Aqbicultubb  Dubino  1915  (continued) 


Namb  and  Addbbss  of  Manufactttbbb 
OB  Jobbbb;  Bband  ob  Tbasb  Name; 

AND    LOCAIJTT    WhBBB    SaICPLB    WAB 

Taxbn 

Num- 
ber 

Pounds  in  100  Pounds  of 

FBBTrT.TXBB 

Nitro- 
gen 

Phofq[>horic  add 

Avail- 
able 

Total 

Potash 

Atlantic   Fbbtiusbb    Works,   Baiai- 
MORE,  Md.  (condudea) 
Atlantio    Blood,    Bone,    Fiflh    and 
Potash 
Bridgewater 

6790 

G* 
F* 

2.47 
2.15 

8 
7.21 

3 

2.74 

8.38 

Atlantio   Com,   Wheat    and    Oats 
Special 
Greene 

6980 

G 

F 

0.82 
0.80 

11 
11.12 

3 
2.68 

12.77 

Atlantic  Diawlyed  Phoqphate 
Sidney 

6447 

G 

F 

16 
17.65 

19.05 

Atlantic  G.  G.   G.   Golden  Grain 
Grower 
Sidney 

6443 

G 
F 

1.65 
1.50 

9 
10.94 

11.54 

1 
1.86 

Atlantic  Gold  Medal  Superior  for  AU 
Grope 
Greene 

6961 

G 
F 

1.65 
1.46 

8 
9.41 

10.75 

3 
2.56 

Atlantic  Jumbo  Crop  Grower 
Bridgewater 

6800 

G 
F 

G 
F 

0.82 
0.84 

12 
12.10 

13.46 

1 
0.92 

Atlantic  Standard  Compound 
Bridgewater 

6701 

1.65 
1.50 

8 
8.76 

9.62 

2 
2.12 

Atlantic  Packing  Co.,  Stbacubb,  N.  Y. 
Atlantic  Animal  Brand,  A  Complete 
Fertilizer  for  All  Crops 
Orchard  Park 

0901 

G 
F 

2.46 
2.35 

8 
8.71 

9 

8.85 

3 
3.08 

Atlantic  Com  and  Wheat  Brand 
Orchard  Park 

0903 

G 
F 

1.64 
1.49 

8 
7.89 

9 
9.17 

2 
2.04 

Atlantic  Garden  and  Track  Manure 
Orchard  Park 

0902 

G 

F 

3.28 
3.05 

8 
6.77 

9 
9.50 

3 
3.21 

Atlantic  Grass  and  Grain  Brand  for 
Oats,  Buckwheat  and  Seeding 
Down 
Deeifield 

6714 

G 

F 

0.82 
0.86 

7 
7.29 

8 
8.31 

2 
1.99 

*  These  letters  indicate,  respeotiYely,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 
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RspOBT  OF  Analtseb  OF  Samplsb  of  Fbbtilizisbs  Collected  btthb  Cohmib- 

BioNEB  OF  AGBiGUiyruBE  DuBiNQ  1915  {continued) 


Name  and  Addbebs  of  Manufactubeb 
OB  Jobbbb;  Bband  ob  Tbadb  Name; 

AND    LOCALITT    WhEBB    SaMPLE    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtilizeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Atlantic  Packino  Ck).,  Stbacuse,  N.  Y. 
{eonduded) 
Atlantic  Ground  Bone 
Oneida 

6940 

G* 
F* 

2.45 
3.53 

23 
23.37 

Atlantic  Hop  and  Potato  Brand 
Deerfield 

0713 

G 
F 

G 
F 

0.82 
0.87 

8 

8.57 

9 
9.25 

3 
3 

Atlantic  Reliable  Brand 
Oneida 

6939 

1.24 
1.36 

8 
7.70 

9 
9.37 

3 
2.96 

Atlantic  12-2  Brand 
Oneida 

055 

G 
F 

G 

F 

G 
F 
G 
F 
G 

F 
G 
F 
G 
F 
G 
F 

12 
12.33 

13 
12.55 

2 
1.94 

Atlantic  Vegetable  Brand  for  Celery, 
Cabbages  and  Potatoes 
RandallsviUe 

052 

2.05 
2.22 

8 
8.14 

9 
9.04 

3 
3.20 

Bauqh  &  Sons  Co.,  BAimicoBE,  Md. 
Baugh's  Animal  Base  and  Potash 
Compound  for  All  Crops 
Walton 

6424 

1.65 
1.68 

8 
9.30 

10.30 

2 
2.16 

Baugh's  Animal  Base  and  Potash 
Compound  for  all  Crops 
Clifton  Springs 

6582 

1.65 
1.70 

8 
8.06 

2 
2.07 

9.72 

Baugh's  Balanced   Plant  Food,   A 
Superior  Fertiliser  for  General 
Use 
St.  Johnsville 

4969 

1.65 
1.73 

10 
10.99 

2 
2.44 

12.44 

Baugh's  Combination  Animal  Base 
Fertilizer 
Clifton  Springs 

6581 

1.65 
1.76 

10 
9.88 

3 
3.43 

11.16 

Baugh's    Commercial    Super-Phos- 
phate for  General  Use 
Central  Bridge 

0321 

1.65 
1.79 

10 
11.44 

2 
2.53 

12.65 

Baugh's  Complete  Anunal  Base  Fer- 
tilizer 
Binghamton 

5891 

1.65 
1.98 

10 
9.84 

2 
2.18 

11.76 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


862 


Report  on  Inspection  Work  of  the 


Rbpobt  of  Analtbbs  or  Samples  or  Fbbtiuzxbs  Colubcisd  bt  thb  Co 

BioNSB  OF  AoBicuuTUBE  DuBiNQ  1915  {conUnued) 


Namx  and  Addbbss  of  Mantjfactubeb 
OB  Jobbbb;  Bband  ob  Tbade  Name; 

AND    LOCAUTT    WhBBB    SaMPLB    WAS 

Taken 

Num- 
ber 

G* 

F* 

G 
F 

Pounds  in  100  Pounds  op 
Febttuzeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potadi 

Bauoh  &  Sons  Co.,  Balthiobe,  Md. 
(eontinued) 
Baugh's  Double  Eagle  Twenty-Five 
Dollar  Phosphate 
Hammondsport 

0108 

1.65 
1.66 

8.50 
8.86 

1 
1  26 

10.70 

Baugh's  Exoekdor  Guano  Revised 
Lodi 

0136 

1.02 
1.10 

10 
10.04 

3 

3.10 

11.38 

Baugh's  Fine  Ground  Bone 
Binghamton 

5893 

• 

G 
F 

2.47 
2.88 

16.49 
20.75 

Baugh's  General  Crop  Grower  for 
All  Crops 
Binghamton 

5890 

G 

F 

G 

F 

G 

F 

G 
F 

G 
F 

G 

F 

0.82 
1.01 

8 
8.77 

9.83 

1 

1.43 

Baugh's  General  Crop  Grower  for 
All  Crops 
Walton 

6420 

0.82 
1.02 

8 
8.40 

9.40 

1 
1.22 

Baugh's  Grand  Rapids  High  Grade 
Guflno 
Berkshire 

6197 

2.47 
2.61 

8 
8.60 

9.71 

3 
3 

Baugh's  High  Grade  Acid  Phosphata 
St.  Johusville 

4972 

14 
14.62 

14.72 

Baugh's  High  Grade  Acid  Phosphate 
Walton 

6422 

14 
14.69 

15.01 

Baugh's  High  Grade  Anunoniated 
Animal  Base 
Spencer 

6960 

3.30 
3.25 

10 
11.88 

13.02 

Baugh's  High  Grade  Potato  Grower 

St.  Johnsville 

4971 

G 

F 

G 
F 

G 
F 

3.3 

3.41 

8 
9 

10.86 

3 
3  31 

Baugh's  High  Grade  Potato  Grower 
Walton 

6423 

3.30 
3.27 

8 
8.73 

10.55 

3 

3.22 

Baugh's  High  Grade  Potash  Mixture 
Conklin  Center 

6955 

13 
13.97 

14.65 

2 
1.74 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 


863 


BXPOBT  OF  AnALTSBS   OF  SAMPLES   OF   FbBHUZKBS  COLLECTED   BT   THE   CoiOOS- 

8IONEB  OF  Agbicultvbe  Dubing  1915  (conUnued) 


Name  and  Addbbss  of  Manufactubeb 
OB  Jobbbb;  Bbakd  ob  Tbadb  Name; 

AND    LOCALFTT    WhEBE    SaMPLB    WA8 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtilizeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Bauoh  &  Sons  Co.,  Bauhmobe,  Md. 
{eonduded) 
Baugh's  Peninsula  Grain  Producer 
Berkshire 

6198 

G* 
F* 

0.82 
1.00 

9 
9.33 

3 
2.97 

10.29 

Baugh's  Potato  and  Truck  Special 
for  All  Truck  Crops  Revised 
Seneca  Falls 

0142 

G 
F 
G 
F 

2.88 
2.69 

10 
10.46 

3 
3.12 

11.28 

Baugh's    Pure    Bone    and    Potash 
Mixture 
Cooperstown 

6776 

2.47 
2.54 

15 
15.25 

3 
3.24 

Baugh's  Pure  Steamed  Bone 

lVi11iii.niiinn 

0603 

G 

F 

1.65 
1.84 

25 
25.37 

Bauer's  Raw  Bone  Meal 
Cooperstown 

6775 

G 
F 

3.7 
4.15 

21.50 
21.60 

Baugh's  16%  Acid  Phosphate 
Bingham  ton 

5892 

G 

F 

16 
16.08 

16.20 

Baugh's    Soluble    Alkaline    Super- 
phosphate 
Hammondsport 

0409 

G 

F 

10 
10.22 

2 
2.02 

11.36 

Baugh's  The  Old  Stand-by  Dissolved 
Animal  Base 
Central  Bridge 

0322 

G 
F 

1.65 
1.85 

12 
12.81 

13.15 

Fine  Ground  Blood 
Yorktown 

0481 

G 

F 

9.68 
10.35 

Fine  Ground  Blood 
Kings  Park 

0803 

G 
F 

9.87 
10.10 

High  Grade  Tankage 
Oneida 

6942 

G 

F 

7.40 
7.21 

4 
9 

Nitrate  of  Soda 
Oneida 

6941 

G 

F 

15.23 
15.30 

Spedfll  Potato  Manure 
St.  JohnsvlUe 

4970 

G 
F 

1.65 
1.83 

10 
10.60 

3 
3.36 

11.82 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


864 


Report  on  Inspection  Work  of  the 


Rbpobt  of  Analtbu  of  Samflbs  of  FsBminBBS  Collbotbd  bt 

sioNiB  OF  AoBicnunms  Dubihg  1015  (omfiniMi) 


TBK  Commr 


Nim  AND  Addbbss  of  Manufaotubsb 
OB  Jobbbb;  Bband  ob  Tbadb  Namb; 

AND    LOCAUTT    WkBBB    SaHPLB    WAB 

Takbn 

Num- 
ber 

POTTNDB  IN  100  FOUNDB  OF 
FsBTIIiBEB 

Nitro- 
gen 

Phosphoiic  add 

AvaU- 
able 

Total 

Potash 

Thb  Bbbo  Co.,  Priladblphia,  Pa. 
Berg's  High  Grade  Potato  Manure 
Ostrimng 

4841 

G* 
F* 

3 
3.05 

8 
7.96 

11 
9.92 

4 
3.96 

Berg's  Lucky  Five 
Ossming 

4839 

G 

F 

4.11 
3.80 

8 
7.88 

11 
9.36 

2 

2.10 

Berg's  Raw  Bone  Fine 
Ossining 

4842 

G 
F 

3 
3.35 

22 
20.10 

Berg's  Raw  Bone  Fine 
New  York 

0552 

G 
F 

3 
3.08 

22 
21.93 

Ossining 

4840 

G 

F 

G 

F 

3 
2.50 

8 
8.16 

11 
9.92 

2-50 
2.32 

Bbbkbhibb    Febulizeb    Co.,    Bbidgb- 
POBT,  Conn. 
Berkshire  Ammoniated  Bone  Phos- 
phate 
Arlington 

0451 

0.8 
1.10 

8 
8.56 

9 
9.04 

2 

2.07 

Berkshire  Complete  Fertiliser 
Arlington 

G 
F 

2.5 
2.57 

8 
7.96 

9 
8.76 

3 
3.46 

Berkshire    Economical    Orass    Fer- 
tiliser 
Arlington 

4850 

G 

F 

8 
7.76 

4 
10.01 

8 
10.75 

2 

2.89 

Berkshire  Long  Ishind  Special 
Arlington 

4849 

G 

F 

3.30 
3.21 

6 
7.68 

7 
8.40 

3 
3.94 

Berkshire    Potato    and    Vegetable 
Phosphate 
Arlington 

0452 

G 
F 

1.70 
2.57 

8 
8 

9 
8.76 

2 
2.22 

Berkshire  10-8 
Nassau 

4859 

G 
F 

10 

7.68 

11 
8.16 

8 
8.52 

BowKBB      Fbbtilisbb      Co.,       Nbw 
YoBK,  N.  Y. 
Bowker's  Empire  Special 
ayde 

0112 

G 

F 

1.65 
1  69 

8 
7.72 

9 
9.60 

3 
8.12 

*  These  letters  indicate,  lespectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Sta'HON, 


865 


RjBPOBT  OF  AnALTBVB   OF  SaMFLES   OF   FERTILIZERS   COLLECTED   BT  THE   CoiOflB- 

BioNEB  OF  Agriculture  During  1915  (continued) 


Name  and  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 
AND  Localttt  Where  Sample  was 
Taken 

Num- 
ber 

G* 
F* 

G 

F 

G 
F 

G 

F 

G 

F 

G 

F 

G 
F 

G 
F 

G 

F 
G 
F 
G 
F 
G 
F 

Pounds  in  100  Pounds  of 

Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Bowser      Fertilizer       Ck).,       New 
York,  N.  Y.  (continue 
Bowker's  Fann  and  Garden  Phos- 
phate 
Hartwick 

6791 

1.66 
1.67 

8 
7.60 

9 

8.31 

2 
2.10 

Bowker's  Fresh  Groimd  Bone 
Babylon 

6071 

2  47 
2.76 

22.88 
25.45 

Bowker's  Hill  and  Drill  Phosphate 
Groton 

6191 

2.47 
2.37 

9 
9.93 

10 
11.70 

2 
2 

Bowker's  Lawn  and  Garden  Dres- 
sing, Revised 
Elmira 

0429 

4  94 
4.61 

7 
8.23 

8 
16.27 

3 

2.88 

Bowker's  Potash  Fertilizer 
Fairport 

6488 

0.82 
0.78 

6 
6.00 

7 
7.20 

2 
2.30 

Bowker's  Potash  or  Staple  Pho^hate 
Buffalo 

0202 

0.82 
0.87 

8 
7.93 

9 

9.01 

3 

3.04 

Bowker's  Potash  or  Staple  Phosphate 
Florida 

0516 

0.82 
0.87 

8 
8.14 

9 
9.18 

3 
3.02 

Bowker's  Soluble  Phosphate 
Mayville 

0243 

14 
13.93 

15 
15.34 

Bowker's  Special  Crop  Grower,  Re- 
vised 
Groton 

6192 

1.65 

1.89 

10 
10.31 

11 
11.73 

3 
3.21 

Bowker's  Special  Crop  Grower,  Re- 
vised 
Fauport 

6487 

1.66 
1.67 

10 
9.77 

11 
11.61 

3 
2.92 

Bowker's   Special   Golden   Harvest 
FertiUser 
Groton 

6194 

12 

13.49 
10 
10.30 

13 
14.82 

2 
2.30 

Bowker's  Special  Ideal  Potash  Com- 
pound 
East  Aurora 

5997 

1.23 
1.27 

11 
11.50 

2.6 
2.47 

*  TheM  letters  indicate,  respectively,  GuaraatcoU  and  Found. 
28 


866 


Report  on  Inspection  Work  of  the 


Rkpobt  of  Analtbbs  of  Samples  of  Fkrtilizxbs  Collected  by  tbm  Coiofia- 

BioNSR  OF  AoBicuLTUKE  DuRiNG  1915  {corUinued) 


Name  and  Address  of  Manitfictuber 
OR  Jobber;  Brand  or  Trade  Name; 

AND    LOCALTTT    WhERB    SaMPLB    WAS 

Taken 

Num- 
ber 

G* 

F* 

G 

F 

Pounds  in  100  Pounds  of 
Fertiltzer 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

BowKER      Fertilizer      Co.,        New 
York,  N.  Y.  (condyded) 
Bowker's  Special  Potato  and  Vege- 
table Fertilizer 
Syracuse 

5900 

2.47 
2.06 

10 
11.06 

11 
12.46 

3 
2.76 

Bowker's  Special  Sixteen 
Hunt 

6676 

16 
16.06 

17 
17.04 

Bowker's    Super    Phosphate    with 
Potash 
Fairport 

6486 

G 

F 

G 
F 

10 
9.81 

11 
10.31 

2 

1-90 

Bowker's  Sure  Crop  Phosphate 
East  Aurora 

5998 

0.82 
0.89 

9 
8.94 

10 
10.52 

2 
1.96 

Ground  Tankage 
North  Conins 

0926 

G 
F 

G 
F 

7.40 
7.17 

9.15 
9.26 

High  Grade  Dried  Blood 
North  CoUinfl 

0927 

9.87 
10.31 

Nitrats  of  Soda 
Aquebogue 

0584 

G 

F 

15 
15.28 

Stockbridge  General  Crop  Manure 
New  York 

0570 

G 
F 

G 
F 

G 

F 

3.29 
3.41 

8 
8.09 

9 
9.05 

4 
432 

Stockbridge  Special  No.  1 
Mount  Kisco 

0456 

4.11 
4.53 

8 
8.37 

9 
9.21 

3 
3.01 

Stockbridge  Special  No.  2 
Groton 

6193 

3.29 
3.53 

10 
10.16 

11 
11 

3 
3.26 

Erode  &  Co.,  F.  W.,  Memphis,  Tenn. 
Cotton  Seed  Meal 
Owego 

6970 

G 
F 

G 
F 

G 

F 

6.41 

0  98 

1.70 

Butts,  J.  P.,  Onbonta,  N.  Y. 
Hustler  Special 
Oneonta 

6767 

0.82 
0.89 

8 

8.17 

9 
9.29 

3 

2.96 

Potato  Manure  No.  1 
Oneonta 

6766 

2.47 
2.62 

8 
7.35 

9 
9.67 

3 

3.17 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 


867 


RiPOBT  or  Analtbss  of  Sahplbb  of  Fbbtilizbbs  Collbctbd  bt  the  ComoB- 

fiiONBB  OF  AoBicuimTBi:  DxjBiNO  1915  (canHnued) 


Namb  akd  Addbess  OF  Manitfactubeb 
OB  Jobbbb;  Bband  ob  Tbade  Name; 

AND    LOOALITT    WeEBE    SaMPLE    WAB 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtiuzeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Cabfenteb,  John  M.,  Buoba,  N.  Y. 
Caipenter's  Tankage 
Elmira 

0440 

G* 
F* 

6.57 
6.92 

6.93 
9.15 

Case  &  Co.,  A.  H.,  Buffalo,  N.  Y. 

Case's  Complete  FertiHzer  No.   1, 
with  Manure  Filler 
Buffalo 

5972 

G 
F 

1.64 
2.46 

8 
8.95 

9.63 

4 
5 

Excelsior    Brand     Pulverised    Pig 
Manure 
Buffalo 

5973 

G 
F 

1 
2.28 

1 
2.50 

1 
1.32 

2.80 

Excelsior    Brand    Pulverized     Pig 
Manure 
Batavia 

0634 

G 

F 

1 
2.29 

1 
2.73 

1 
1.30 

2.95 

Excelsior   Brand   Pulverized  Slieep 
Manure 
Batavia 

0633 

G 
F 

G 
F 

G 
F 

G 

F 

1 
1.92 

0.87 
1.40 

1 
1.47 

1.60 

Chittenden  Co.,  The  E.  D.,  Bbidoe- 
POBT,  Conn. 
Chittenden's  High  Grade  Potato 
Rlverhead 

0559 

4.10 
4.34 

8 
8.46 

9 

9.96 

4 
4.28 

Chittenden's  Potato  Special 
Calverton 

0573 

3.30 
3.52 

8 
9.18 

9 
10.02 

4 
4.04 

Chittenden's  Special  for  Com,  Cab- 
bage and  Cauliflower 
Riverhead 

0560 

4.95 
5.02 

8 
8.43 

9 
9.51 

3 
3.33 

CT.ABK  &  Son,  0.  W.,  Buffalo,  N.Y. 
Clark's  Velvet  Lawn  Fertilizer 
Buffalo 

0939 

G 

F 

2 
2.42 

5 

8.83 

3 
2.86 

9.77 

Plant  Food 
Buffalo 

0938 

G 

F 

8.50 
4.07 

7 
8.83 

6 
7.88 

9.99 

OuiBx,    Batlis   Co.,    The,    Milfobd, 
Conn. 
Clark's  Special  Potato  and  Vegetable 
Fertilizer 
Rockville  Center 

0693 

G 

F 

3.28 
3.31 

8 
8.19 

4 
4  14 

10.97 

Theae  letters  indicate,  respectively,  Guaranteed  and  Found. 


8G8 


Report  on  Inspection  Work  of  the 


RiPOBT  or  Akaltbbs  of  Samples  or  Fbrthjebbs  Ck>LLECTBi>  bt  the  ComoB- 

siONKB  or  AoRicvimiSE  DuBiNo  1915  (amtinued) 


Name  and  Addbbss  or  Manutactubeb 
OB  Jobbeb;  Brand  ob  Trade  Name; 

AND    LOCALITT    WhEBB    SaMFLE    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  add  1 

Avail- 
able 

Total 

Potadi 

Clat  &  Son,  Strattord,  London,  Eng. 
Clay's  FertitiTOT 
New  York 

0367 

G* 
F* 

• 

4 
4.62 

1.15 
3.42 

7.20 
7.86 

0.10 
0.12 

Ck>E-MoRTiMER  Ck>.,  T&E,  New  York, 
N.  Y. 
£.  Frank  Coe's  Alkaline  Phosphate 
and  Potash  Special 
Guilford 

6028 

G 
F 

14 
14.10 

15 
15.22 

2 
1.98 

E.  Frank  Coe's  Columbian  Com  and 
Potato  F^tilizer  Special 
Little  VaUey 

5984 

G 
F 

1.23 
1.12 

9 
9.67 

10 
11.61 

2 
2.30 

E.  Frank  Coe's  Com  King  Special 
Cuba 

0210 

G 
F 

2.47 
2.28 

10 
10.26 

11 
11.56 

3 

2.90 

£.  Frank  Coe's  Empire  State  Brand 
Special 
Guilford 

6930 

G 
F 

1.23 
1.47 

10 
10.31 

11 
11.13 

2.50 

2.78 

E.  Frank  Coe's  Famous  Prise  Brand 
Grain  and  Grass  Fertiliser 
Frankiinville 

5993 

G 

F 

10 
9.96 

11 
11.36 

2 
2.01 

E.  Frank  Coe's  Gold  Brand  Excelsior 
Guano  Special 
Guilford 

6929 

G 
F 

2.47 

2.48 

8 
7.72 

9 
9.50 

3 
3.04 

E.  Frank  Coe's  High  Grade  Soluble 
Phosphate 
Little  VaUey 

5985 

G 
F 

14 
14.98 

15 
16.54 

E.  Frank  Co3's  Natural  Grain  Fer- 
tiliser Special 
Cuba 

0211 

G 
F 

1.65 
1.84 

10 
9.95 

11 
11.31 

3 
3.50 

E.  Frank  Coe's  Natural  Grain  Fer- 
tiliser Special 
Alabama  Center 

0645 

G 
F 

1.65 
1.74 

10 
10.82 

11 
12.46 

3 
3.01 

E.  Frank  Coe's  New  England  Special 
Revised 
Littie  VaUey 

5983 

G 

F 

0.82 
1.07 

9 
9.03 

10 
10.11 

2 
2.08 

^  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 


869 


Rbpobt  of  Analyses  or  Samples  of  Febtilizebs  Collected  bt  the  Coiimib- 

sioNEB  OF  Agbigultube  Dubino  1015  (corUinued) 


Name  and  Addbbss  of  Manufactubbb 
OB  Jobbbb;  Bband  ob  Tbade  Name; 

AND    LOOAUTT    WhEBB    SaMPLE    WAS 

Taken 

Num- 
ber 

G* 
F* 
G 
F 

Pounds  in  100  Pounds  of 
Febtilizeb 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

COB-MOBTIMEB    Co.,   ThE,    NeW  YoBK, 

N.  Y.  (concluded) 
E.  Frank  Coe's  Onondaga  Special 
Fertilizer 
Uayt's  Corners 

0130 

0.82 
0.88 

7 
8.17 

8 
0.75 

1 
1.10 

E.  Frank  Coe's  Prolific  Crop  Pro- 
ducer 
Cacenovia 

6053 

2.47 
2.64 

0 
0.86 

10 
11.14 

2 
2.04 

E.  Frank  Coe'e  Red  Brand  Exoeldc^ 
Guano  Special 
Lockport 

0222 

G 
F 
G 
F 

3.20 
3.16 

10 
10.02 

11 
11.54 

3 
3.20 

E.    Frank   Coe's   Standard   Potato 
Fertilizer  Special 
Riverhead 

0578 

3.20 
3.36 

8 
8.65 

0 
0.45 

4 
4.08 

E.  Frank  Coe's  Top  Dressing  Manure 
Interlaken 

0131 

G 

F 

7.41 
7.00 

6 
6.35 

7 
7.00 

3 
3 

E.  Frank  Coe's  Universal  Fertilizer 
FrankUnviUe 

5001 

G 
F 

1.65 
1.74 

8 
8.44 

0 
11.23 

3 
3 

E.  Frank  Coe's  Western  New  Yorker 
Special 
Franklinville 

5000 

G 
F 

0.82 
0.87 

0 
0.02 

10 
12.14 

3 
3 

E.  Frank  Coe's  XXV  Ammoniated 
Phosphate 
FrankUnviUe 

5002 

G 
F 

0.82 
1.10 

8 
8.27 

0 
10.75 

2 
2.68 

Fine  Ground  Bone 
Lockport 

0226 

G 

F 

2.47 
2.42 

22.88 
26.47 

Nitrate  of  Soda 
Ontario 

0612 

G 
F 

15 
14.44 

__— — 

Thomas  Phosphate   Powder  (Basic 
Slag  Phosphate)  Pulverized 
Casenovia 

6052 

G 
F 

15t 

17 
16.70 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 

t  No  official  method  for  determining  avaUable  phosphoric  acid  in  this  sample. 


870 


Report  on  Insfectton  Wobk  of  the 


Repobt  or  AiTALTBBS  OF  Samplbs  OF  Febtiusebs  Goixxcikd  bt  tbe  Go: 

8IONSB  OP  Agbicultube  Dubihq  1915  {amiUmed) 


Nahe  and  Address  of  MAjruFAcruKER 
OR  Jobber;  Brand  or  Trade  Name; 

AND    LOCAUTT    WhKBE    SaMPLB    WAS 

Taken 

Num- 
ber 

Pounds  nr  100  Pounds  op 
Fbbttlizbr 

Nitro- 
gen 

Phoqthorie  add 

Avail- 
able 

Total 

Potaflh 

Columbia  Guano  Co.,  Bai/iimorb,  Md. 
Columbia  Fish,  Phosphate  and  Pot- 
ash 
New  Hampton 

0534 

G* 

F* 

1.65 
1.72 

8 
9.27 

8.50 
10.83 

3 

3.18 

Columbia  14%  Acid  Phosphate 
Lodi 

0135 

G 

F 

14 
15.03 

1450 
16.31 

Columbia  Grain  Special  Fertilizer 
South  Alabama 

0647 

G 

F 

0.82 
1.18 

8 
9.72 

8.50 
11.20 

2 
2.28 

Columbia  Grass  and  Grain  Grower 
South  Alabama 

0646 

G 
F 

G 
F 

10 
10.78 

10.50 
11.70 

2 
1  96 

Columbia  Groso  Grain  Grower 
Baldwinflville 

031 

0.82 
0.96 

8 
8.06 

8.50 
9.40 

3 

2.76 

Columbia   High   Grade   16%   Add 
Phosphate 
Skaneateles 

062 

G 
F 

16 
17.18 

16.50 
17.73 

Columbia  Searchlight  Mixture 
Earlville 

6994 

G 

F 

12 
13.13 

12.50 
14.19 

2 
2.03 

Columbia  Soluble  Guano 
Skaneateles 

051 

G 
F 

1.65       8 
1.69       8.58 

8.50 
9.46 

2 

1.^ 

Columbia  Strong  Hold  Guano 
Borodino 

063 

G 
F 

3.29 
2.97 

10 
10.48 

10.50 
12.10 

3 

3.18 

Columbia  Titanic  Guano 
Chateaugay 

3796 

G 
F 

2.47 
2.43 

8 
8.52 

8.50 
9.90 

3 
2.98 

CoNLET  Lime  &  Fertilizer  Co..  F.  E., 
Utica,  N.  Y. 
Evergreen  Lawn  Dresring 
Utica 

6717 

G 

F 

1 

1.12 

8 
9.04 

Consumers    Chemicai<    Corporation, 
New  York,  N.  Y. 
Consumers'  Pure  Sure  Potato  and 
Vegetable  with  4%  Potash 
Hicksville 

0686 

G 
F 

3.29 
3.88 

8 
8 

9 
8.56 

4 
4.24 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station.         871 


RapOBT  or  Analtsvs  of  Samples  of  Fertilizers  Collected  bt  the  Commis- 
sioner OF  Aqricultube  During  1915  (continued) 


Name  and  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 
AND  Localitt  Where  Sample  was 
Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Consumers    Chemical    Corporation, 
New  York,  N.  Y.  (conduded) 
CoDSumers'  Pure  Sure  Potato  Manure 
with  4%  potash 
Riyeriiead 

6076 

G* 

F* 

4.12 
4.45 

8 
8.31 

9 
9.15 

4 
4.28 

Nitrate  of  Soda 
UickBviDe 

0685 

G 
F 

G 
F 

G 

F 

14.82 
14.96 

Daniels,  Fred,  Houqhton,  N.  Y. 

Daniels'  Sensible  Grain  and  Grass 
Grower 
Caneadea 

0204 

16 
16.18 

17 
16.72 

Dat,  Mrs.  R.  White,  Arlington,  N.  Y. 
Pure  Bone  and  Meat  Fertilizer 
Arlington 

4847 

3.05 
5.50 

14 
14.84 

DoLD  Packing  Co.-,  Jacob,  Buffalo, 
N.Y. 
Dold  Quality  Bone  Meal 
Buffalo 

0292 

G 
F 

G 
F 

2.47 

2.78 

23 

23.81 

Dold  Quality  Steamed  Bone 
Buffalo 

5978 

2.46 
3.60 

23 
24.80 

Dold  QuaUty  Fertiliser,  1-8-2  Brand . 
Buffalo 

5976 

G 
F 

0.82 
1.28 

8 
7.97 

10 
9.37 

2 
2.28 

Dold  Quality  Fertiliser,  2-8-4  Brand. 
Buffalo 

6977 

G 

F 

G 

F 

G 
F 

G 

F 

1.64 
2.00 

8 
8.23 

10 
10.07 

4 
4.26 

Dold  QuaUty  Fertiliser.  2-^10  Brand 
Buffalo 

5974 

1.64 
2.08 

8 
7.53 

10 

8.61 

10 
12.10 

Dold  QuaUty  FertiUser,  3-^2  Brand. 
Buffalo 

5975 

2.47 
2.82 

9 
9.47 

10 
11.86 

2 
2.90 

Enterprise  Guano  Co.,  Baltimore,  Md. 
Enterprise  Ammoniated  Bone  and 
Potash 
New  Berlin 

6983 

2.47 
2.10 

8 
8.94 

9.50 

3 
3.18 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


872 


Report  on  Inspection  Work  of  the 


RapoRT  OF  Analtses  of  Samples  of  Fertilizers  Collected  bt  teeb  Goioaa- 

sioNSR  of  Agriculture  During  1915  (continued) 


Nave  and  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 
and  logalitt  where  sample  was 
Taeen 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potaflfa 

Enterprise   Guano    Co.,    Bamimore, 
Md.  (canduded) 
Enterprise  Complete  Fertiliser 
W  ew  BerKn 

.6985 

G* 

F* 

0.82 
0.82 

8 
9.59 

11.05 

2 
1.80 

Enterprise  Com  and  Wheat  Com- 
pound 
South  Lansing 

6988 

G 
F 

1.65 
1.54 

8 
8.64 

9.30 

2 
1.80 

Enterprise  14%  Acid  Phosphate 
Sherburne 

069 

G 
F 

G 

F 

14 
16.60 

16.68 

Enterprise  Grain  and  Grass  Com- 
pound 
South  Lansing 

6990 

10 
10.31 

10.65 

2 

1.86 

Enterprise  Grain  Mixture 
Weedsport 

0424 

G 
F 

0.82 
0.77 

8 
9.70 

11.84 

3 
4.07 

Enterprise  Special  Complete  Manure 
for  All  Crops 
Weedsport 

0422 

G 
F 

1.65 
1.34 

10 
10.89 

11.47 

3 
3.19 

Enterprise  Supenor  Acid  Phosphate 
New  Berlin 

6984 

G 
F 

16 
16.70 

16.80 

— 

Federal    Chemical    Co.,    Colitmbia, 
Tbnn. 
Daybreak  Tennessee  Brown  Phos- 
phate Rock 
Syracuse 

067 

Q 

F 

29.75 
29.30 

FisGHANQ  Bros.,  Kingston,  N.  Y. 
Horse  Tankage 
Kingston 

4956 

G 
F 

6.50 
7.06 

11 
12.20 

0.25 
0.48 

Kingston  Animal  Fertiliser 
Kingston 

0707 

G 
F 

6.50 
6.85 

11 
13.17 

0.54 

German  Kali  Works,  New  York,  N.  Y. 
Muriate  of  Potash 
Riverhead 

0569 

G 

F 

48 

47.06 

*  These  letters  indicate,  respectiyely,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 
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Report  of  Analtbbs  of  Samples  of  FsRTiLizEBfl  Collected  bt  the  Commis- 

8I0NEB  of  Aghicultubb  During  1015  ^conHnued) 


Name  and  Address  of  Manvfaci'urer 
or  Jobber;  Brand  or  Trade  Name; 
AND  Logalitt  Where  Sample  was 
Taken 

Num- 
ber 

G* 

F* 

G 
F 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

German  Kau  Works,  New  York,  N.  Y. 
(conduded) 
Sutf ate  of  Potash 
New  York 

0364 

47 
50.31 

Godfrey  Co-oPERATiyE  Fertiuzer  & 
Chemical  Co.,  Newark,  N.  J. 
Godfrey's  Long  Island  Potato  and 
Truck  Grower 
Hicksville 

0676 

3.20 
3.20 

8 
7.07 

8.50 
8.66 

4 
4.36 

Godfrey's  Pure  Bone  Meal 
Hicksville 

0677 

G 

F 

2.47 
2.61 

23 
23.76 

Grace  &  Co.,  W.  R.,  New  York,  N.  Y. 
Nitrate  of  Soda 
New  York 

0366 

G 
F 

15 
15.16 

Griffith  &  Botd  Co.,  BAimMORs,  Md. 
Griffith  &  Boyd  Co.'s  Ammoniated 
Bone  Phosphate 
Moravia 

6568 

G 
F 

1.65 
1.74 

8 
8.17 

0 
0.73 

2 

2.12 

Griffith    A    Boyd    Co.'s    Farmers 
Potato  and  Tomato 
Moravia 

6567 

G 
F 

1.25 
1.52 

8 
7.76 

0 
0.50 

3 
3.17 

Griffith  &  Boyd  Co.'s  Fish,  Bone 
and  Potash 
Venice  Center 

0416 

G 
F 
G 
F 

1.50 
1.40 

7 
7.25 

8 
0.35 

3 
3.04 

Griffith  &  Boyd  Co.'s  High  Grade 
Add  Phosphate 
Cuba 

0932 

14 
15.21 

15 
15.41 

Griffith  &  Boyd  Co.'s  Soluble  12-2 
Merrifield 

0414 

G 
F 

12 
12.26 

13.22 

2 

2.18 

Griffith  A  Boyd  Co.'s  Special  Grain 
Grower 
Merrifield 

0413 

G 

F 
G 
F 

10 
10.08 

2 
2.04 

12.60 

Griffith  A  Boyd  Co.'s  Special  Royal 
Guano 
Moravia 

6560 

0.82 
0.80 

8 
8.40 

0 
10.05 

3 
3.17 

These  letters  indicate,  reepectiyely,  Guaranteed  and  Foand. 


874 


Report  on  Inspection  Work  of  the 


Report  of  Analtsbs  of  Samples  of  Fertilizers  Collectbo  bt  the  Coiofis- 

siONER  OF  Agriculture  During  1915  {continued) 


Name  and  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 

AND    LOCAUTT    WhEBB    SaMPLE    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Hammond's  Slug  Shot  Works,  Beacon, 
N.Y. 
Hammond's  Sward  Food 
Beacon 

• 

0453 

G* 
F* 

G 

F 

2.35 
2.51 

4.50 
4.96 

5.50 
5.68 

4.60 
357 

Haserot  Canneries  Co.,  The,  Cleve- 
land, 0. 
Horsehead  Brand,  Pulverised  Phos- 
phate Untreated  Rock 
Brocton 

0247 

32 
31.70 

HRAi;rH  Chemical  Co.,  Yonkerb,  N.  Y. 
Dutchess  Brand 
Yonkers 

0473 

G 
F 

4.50 

4.84 

5.25 
5.39 

7.50 
8-75 

2 
3.73 

Hudson  Brand 
Yonkers 

4843 

G 
F 

1.50 
1.87 

5.75 
2.70 

8 
5.05 

3 
0.53 

Victor  Brand 
Yonkers 

0472 

G 
F 

G 
F 

2.50 
5.66 

4.75 
8.98 

5 
10.76 

Westchester  Brand 
Yonkers 

4844 

0.75 
2.44 

4.75 
2.27 

7 
4.41 

3.75 
0.70 

Henderson  &  Co.,  Peter,  New  York, 
N.Y. 
Henderson's  Fruit  and  Shade  Tree 
Fertiliser 
New  York 

0391 

G 

F 

G 
F 

G 

F 

G 
F 

1.65 
1.96 

5 

4.95 

7 
8.85 

1 

10 

9.84 

Henderson's  Garden  Fertilizer 
New  York 

0379 

4.12 
4.68 

7 
6.95 

8 
8.61 

5 

5.92 

Henderson's  Raw  Bone  M^ 
New  York 

0381 

2.47 
3.94 

20 
23.60 

Henderson's  Raw  Ground  Bone 
New  York 

0382 

2.47 
3.97 

20 
23.65 

Henderson's  Special  Blood  and  Bone 
Fertilizer 
New  York 

0389 

G 
F 

3.29 
3.37 

17 
21.06 

*  These  letters  indicate,  respectively,  Guaranteed  and  FouimL 


New  York  Agricultural  Experiment  Station. 


875 


Rbpobt  or  Akaltsss  of  Sauflbb  op  Febtilizbbs  Collected  bt  the  Coiona- 

BioNEB  OF  Agbicultube  Dubinq  1915  {continued) 


NaMB  AMD  AdDBXSS  OF  MaNUFACTUBEB 

OB  Jobbbb;  Bband  ob  Tbade  Name; 

AND    LOCALITT    WhBBB    SaMPLB    WAS 

Takbn 

• 

Num- 
ber 

Pounds  in  100  Pounds  op 
Febtiuzeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

• 

Total 

Potash 

Hbmdbbson  &  Co.,  Pbtbb,  New  Yobk, 
N.  Y.  {concluded) 
Henderaon's  Supenor  Fertiliser  for 
Houfle  Plants 
New  York 

0394 

G* 

F* 

G 
F 

4.50 
4.66 

5.50 
5.91 

10 
10.06 

2 
2.33 

Henderson  Worm  Killing  Grass  Food 
New  York 

0388 

2.36 
2.75 

0.40 
0.67 

0.70 
0.71 

1.80 
2.06 

The  Henderson  Lawn  Enricher 
New  York 

0380 

G 
F 

2.47 
2.72 

3.50 
3.87 

4.50 
6.25 

2.50 
3.16 

Hb88  &  Bbo.,  S.  M.,  Philadelphia,  Pa. 
Ammoniated  Superphosphate 
Jamestown 

0241 

G 
F 

1.65 
1.51 

8 
8 

9 
8.90 

2 
1.94 

Big  Crop  Fertiliser 
Darien  Center 

6654 

G 

F 

G 
F 

1.65 
1.65 

10 
10.38 

11 
12.04 

3 
2.96 

Cabbage  Manure 
Blissville 

0661 

3.29 
3.32 

6 
6.74 

7 
8.14 

3 
3.31 

Climax  Alkaline  Fertilizer 
Franklinville 

0261 

G 
F 

14 
14.82 

15 
15.70 

2 
1.89 

Farmers  General  Fertiliser 
East  Williamson 

6493 

G 
F 

0.82 
0.86 

8 
7.90 

9 
9.50 

3 
3.47 

Hess  Potato  Grower 
Hicksville 

0678 

G 

F 

2.88 
3.05 

8 
9.24 

9 
10 

4 
3.89 

High  Grade  Ground  Bone 
Jamestown 

0237 

G 
F 

3.29 
3.38 

20.59 
20.60 

High  Grade  Potato  Manure 
East  Williamson 

6494 

G 
F 

G 

F 

G 
F 

3.29 
3.21 

10 
9.75 

11 
11.75 

3 
3.26 

K^ystcme  Phosphate 
Franklinville 

0263 

0.82 
0.91 

8 
8.57 

9 
9.85 

1 
1.06 

Nitrate  of  Soda 
Blissville 

0658 

15 
15.02 

*  These  letters  indieate,  respe^vely,  Gmuranteed  and  Found. 
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Report  on  Inspection  Work  of  the 


Rbfobt  or  Analtbsb  of  Saicplbs  of  Febttlizkbs  Collbctbi)  bt 

8I0NXB  of  AoHicxTLTnita  DuBiNO  1915  (eondnuei) 


Name  akd  Address  of  Manufactubbb 
OB  Jobbbb;  Bband  ob  Tbadb  Name; 

AND    LOCAUTT    WhEBB    SaMPLE    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtilizbb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Til  1  ■  .JL 

Hess  &  Bbo.,  S.  M.,  Philadelphia, 
Pa.  (concluded) 
Soluble  Phosphate  and  Potash 
FranklinviUe 

0262 

G* 

F* 

10 
11.09 

11 
11.55 

2 
1.75 

Special  Com  Mamiro 
Jamestown 

0239 

G 

F 

0.82 
0.91 

8 
7.60 

9 
9.01 

2 
222 

Special  Fish  and  Potash  Mixture 
Blissvale 

0657 

G 

F 

2  06 
2.13 

8 
8.59 

9 
9.65 

3 
3.44 

Superior  Potato  Manure 
Laurel 

0574 

G 
F 

3.29 
3.39 

8 

7.85 

9 
9.55 

4 
4.31 

Wheat  and  Grass  Manure 
Jamestown 

0238 

G 
F 

0.82 
0.93 

8 
7.73 

9 
9.13 

2 
2.22 

HOLT.TNOSHVBST  &  Co.,  NbW  YoRX,  N.  Y. 

Fish  Scrap 
Riverhead 

0558 

G 

F 

9.25 
9.37 

6.80 
7.10 

Hudson  Cabbon  Co.,  BAUiSTON  Spa, 
N.Y. 
Davidge's  Concentrated  Manure 
Albany 

0712 

G 
F 

1 
2.35 

1 
2.15 

Davidge's  Special  Phosphorus 
New  York 

0375 

G 
F 

5 

24 

IcHTBEiac  GuANO  Co.,  Tbb,  Ipswich. 
Ichthemic  Guano 
New  York 

0377 

G 
F 

3.50 
3.79 

1.10 
1.76 

8.15 

8.25 

Intobnattonal  Aobicultubal  Cobpoba- 
TiON,  Buffalo  Fbbttlueb  Wobeb, 
Buffaix),  N.  Y. 
Buffalo  Animal  Tankage 
Mount  Morris 

6678 

G 

F 

6.20 
6.62 

10 
11.81 

Buffalo  Bone  Meal 
Penn  Yan 

0115 

G 
F 

G 
F 

2.40 
2.43 

22 
23.50 

Buffalo  Dissolved  Phosphate 
Oakfield 

6652 

14 
15.65 

15 
17.16 

*  llieBe  letters  indicate,  reBpeotively»  Guaranteed  and  Foond* 


r 


New  York  Agricultural  Experiment  Station.         877 


Rkpobt  or  Analyses  of  Samples  of  Fertilizebs  Collected  bt  the  Comas- 

siONER  OF  Aqbicultube  Dxtbing  1916  (conHnued) 


Num- 
b^ 

Pounds  in  100  Poxtnds  of 
Febtilueb 

OB  Jobbeb;  Bband  ob  Trade  Name; 

AND    LOCAUTT    WhBBE    SaMPLE    WAS 

Taicen 

Nitron 
gen 

Phosphoric  acid 

Avail- 
Me 

Total 

Potash 

International      Aobicui/tubal   Cob- 
PORATiON,    Buffalo    Fertilizer 
Works,  Buffalo.  N.Y.  (corUinued) 
Buffalo  Dry  Ground  Fish 
South  Tiima 

0438 

G* 

F* 

6.60 
6.06 

6 
10.62 

Buffalo  Farmers  Choice 
Fonda 

4973 

G 
F 

0.80 
0.94 

10 
9.91 

11 
11.03 

2 
2.24 

Buffalo  Garbage  Tankage 
South  Byron 

0641 

G 
F 

2.30 
2.18 

3.70 

4 
4.70 

0.70 
0.88 

Buffalo  Grain  Special 
Bradford 

0407 

G 
F 

2 
1.72 

8 
10.94 

9 
11.90 

1.60 
1.66 

Buffalo  High  Grade  Manure 
Uartwick 

6784 

G 
F 

3.30 
2.73 

8 
8.44 

9 
10.10 

3 
3.19 

Buffalo  High  Grade  Manure 
Baldwinsville 

066 

G 
F 

G 
F 

G 

F 

G 
F 

3.30 
3.30 

8 
9.70 

9 
11.60 

3 
3.16 

Buffak)  Ideal  Wheat  and  Com 
Fonda 

4968 

1.60 
1.61 

9 

8.86 

10 
10.62 

2 
2.24 

Buffalo  Sixteen  Per  Cent 
South  Byron 

0640 

16 
17.61 

17 
18.16 

Buffalo  Tobacco  Producer 
Baldwinsville 

064 

4.60 
4.16 

6 

8.14 

6 
10.60 

3 
3.24 

Buffalo  Top  Dresser 
Valois 

0132 

G 

F 

G 

F 

G 

F 

6.80 
6.63 

6 
7.38 

7 
8.94 

2 
2.30 

Buffalo  Vegetable  and  Potato 
Hartwick 

6786 

2.40 
2.23 

8 
8.67 

9 
10.67 

3 
3.06 

Buffalo  Vegetable  and  Potato 
Industry 

0642 

2.40 
2.37 

8 
9.66 

9 
11.39 

3 
3.08 

Buffalo  One-Kight-Two 
Johnstown 

4974 

G 

F 

0.80 
0.81 

8 
8.22 

9 
9 

2 
1.90 

Buffab  One-Eight-Three 
Oakfield 

6653 

G 

F 

0.80 
1.20 

8 
9.38 

9 
10.36 

3 
1.84 

*  These  letters  indicate,  respectiyely,  Guaranteed  and  Found. 
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Report  on  Inspection  Work  of  the 


Repobt  of  Analtbss  of  Samplks  of  Ferttlizbbs  Collected  bt  the  Commis- 

sioNSB  of  Agbicultubb  Dubing  1915  (continued) 


Name  and  Addbbss  of  Manufactubbr 
OB  Jobbsb;  Bband  ob  Trade  Name; 
AND  Localitt  Whxbb  Sample  was 

TAXElf 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtilizeb 

Nitro- 
gen 

Phoq>horic  acid 

Avail- 
able 

Total 

Potash 

Intbbnational     Aobicui/tubat.     Cob-H 
pobation,    Buffalo    Febtilizeb 
WoBKS,  Buffalo,  N.Y.  (eondvded) 
Buffalo  One-BislilrThiee 
Johnson 

0509 

G* 
F* 

0.80 
1.18 

8 
8.45 

9 
9.97 

3 
2.90 

Buffalo  One-Ten-Tfaree 
Bath 

6558 

G 

F 

0.80 
1.60 

10 
9.81 

11 
11.50 

3 
3.52 

Buffalo  Two-Eighlr-Three 
Industry 

0643 

G 
F 

1.60 
1.65 

8 
10.09 

9 
11.79 

3 
3.26 

Buffalo  Two-Eight-Three 
Uartwick 

6783 

G 

F- 

1.60 
1.63 

8 
9.36 

9 
10.52 

3 
2.99 

Buffalo  Two-Eleven-Three 
Batavia 

6473 

G 
F 

1.60 
1.73 

11 
11.65 

12 
12.60 

3 
2.97 

Buffalo  Ten-Two 
Ontario 

0604 

G 
F 

10 
9.90 

11 
10.60 

2 
1.84 

Buffalo  Twelve-Two 
South  Byron 

0639 

G 
F 

12 
12.96 

13 
13.70 

2 
2.11 

Nitrate  of  Soda 

Oopake  Iron  Works 

0482 

G 
F 

15 
15.62 

Intebnational  Seed  Co.,  Rochbstvb, 
N.Y. 
International  Crop  Grower 
Oneonta 

6768 

G 
F 

G 
F 

G 

F 

0.82 
0.84 

7 
7.67 

8 
9.43 

1 
1.12 

International  Electric  Fertiliser 
Rochester 

0302 

0.82 
0.91 

8 
8.76 

9 
10 

2 

2 

International  Grain  and  Grass  Ferti- 
liser 
Rochester 

0303 

1.23 
1.38 

10 
9.88 

11 
11.86 

2.50 
2.56 

International    Potato    and    Truck 
Manure 
Onaonta 

6769 

G 
F 

1.65 
1.77 

10 
10.31 

11 
12.13 

3 
3.16 

^  These  letters  indicate,  respestively,  Guaranteed  and  Found. 
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RePOBT  of  AnALTBES  of  SaMPLBS  of   FsBTILOBBS  CoUilCTBD   BT  THE   COMMIS- 

BJONEB  OF  Agricultube  Dubino  1915  ic(mHnued) 


Name  and  Addbess  of  Manttfactubei 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtilizeb 

OB  Jobber;  Brand  ob  Tbade  Naice 

AND    LOGALITT    WhEBE    SaUPLB    WA£ 

Nitro 
gen 

Phosi^orie  add 

Taxen 

•  Avail- 
able 

Total 

Potash 

Jaregxi    Chemical    Ck).,    The,    San- 
dusky, 0. 
Black  Diamond  Fifih  Onano 
Lockport 

0224 

G« 

F* 

1.66 
1.66 

S 
7.97 

8.73 

3 
3.30 

Fiah  and  Potash  General  Grower 
Warsaw 

6491 

G 
F 

0.83 
0.84 

9 

8.91 

9.41 

1 
1.08 

Fish  and  Potash  Grain  Special 
Lockport 

0225 

G 
F 

0.83 
0.85 

8 

8 

S.46 

3 
3.34 

Fish  and  Potash  Truck  Manure 
Clyde 

6600 

G 

F 

3.33 
3.28 

9 
9.25 

9.65 

3 
3.28 

Fish  and  Potash  Truck  Manure 
Webster 

0610 

G 
F 

3.33 
3.22 

9 

9.47 

10.01 

3 
3.40 

-    Humus  Phosphate  with  Potash 
Clyde 

0101 

G 
F 

0.20 
0.27 

10 
9.77 

10.35 

2 
2.06 

Lake  Erie  Guano  with  Phosphate 
and  Potash 
Clyde 

0102 

G 
F 

1.25 
1.24 

9 
9.43 

10.11 

2 
2.28 

Lake  Erie  Guano  with  Phosphate 
and  Potash 
Springville 

0250 

G 

F 

1.25 
1.30 

9 
9.90 

10.16 

2 

2 

Raw  Bone  and  Phosphate  Mixture 
Brocton 

0244 

G 

F 

1.66 
1.68 

8 
14.08 

15.80 

1 
1.12 

JoYNT,  John,  Lucknow,  Ontarto,  Can- 
ada 
Canada  Unleached  Hardwood  Ashfs 
New  York 

0393 

G 
F 

1 
1.12 

2 
3.10 

Canada  Unleached  Hardwood  Ash€« 
The  Joynt  Brand 
Whitney  Point 

5889 

G 
F 

1 
1.30 

2 
2.56 

Keixet  Mabcrum  HuifiTB  Co.,  Stan- 
hope, N.  J. 
Nitro  Humus 
Brooklyn 

0807  1 

G 
F 

2.10 
1.41 

1.10 
0.08 

0.25  1 

0.51 
0.27 

'  Thipae  letters  indicate.  rosDeotivelv.  Gt 

lATRiitAMl  And  Found. 

\ 
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Report  on  Inspection  Work  of  the 


RSPOBT  or  AnALTBBB  of  SaMPLBB   of   FbBTIUZEBS   GoLLBCTBD  BT  TEB    GOMIflB- 

8I0MEB  OF  AoBicuiyrnBE  DuBiNG  1915  (continued) 


NaMB  AMD  AODBB88  OF  MaNUFAGTUBBB 

OB  Jobbbb;  Bband  ob  Tbaob  Namb; 

AND    LOCAUTT    WhBBB    SAMPUi    WAS 

Taebn 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fbbtilizeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

LlBIBBS         AOBIOUimTBAL         ChBMICAL 

WoBXB,  Newabx,  N.  J. 
Lister's  Ammoniated  DisMilved  Sup- 
erphosphate 
East  Aurora 

5090 

G* 
F» 

2.06 
1.87 

8 
7.86 

9 
9.82 

1.50 
1.^ 

Lister's  Bone  Meal 
NewRocheQe 

4837 

G 

F 

2.67 
1.82 

22.88 
29.10 

Lister's  Bone  Meal 
Patohogue 

6064 

G 
F 

2.67 
3.40 

22.88 
19.55 

Lister's  Buyers  Choice  Acid  Phos- 
phate 
Speuoerport 

6483 

G 

F 

14 
13.10 

15 
13.76 

Lister's    Celebrated   Ground   Bone 
and  Tankage  Acidulated 
Patohogue 

6063 

G 
F 

2.67 
2.58 

12 
12.37 

Lister's  Complete  Potato  Grower 
Aquebogue 

0582 

G 
F 

4.11 
3.90 

8 
7.96 

9 
9 

3 
3.98 

Lister's  Com  and  Potato  Fertiliser 
Moravia 

6564 

G 
F 

G 
F 

1.65 
1.60 

8 
7.86 

9 

9.86 

3 

2.87 

Lister's  Ground  Tankage 
Southampton 

6086 

4.94 
4.02 

13 
15.08 

Lister's  High  Grade  Acid  Phosphate 
Moravia 

0420 

G 

F 

16 
15.83 

17 
17.55 

Lister's  High  Grade  Dry  BkKxi 
Binghamton 

6987 

G 
F 

9.87 
11.48 

Lister's  High  Grade  Grain  Grower 
Riohfiekl  Springs 

6788 

G 

F 

1.65 
1.58 

10 
11.04 

11 

11.82 

3 
3.30 

Lister's  Lawn  Fertiliser 
Peekskill 

0471 

G 
F 

1.65 
1.90 

8 
8.70 

9 
10.84 

3 
3 

Lister's  Long  Island  Potato  Manure 
Sagaponack 

0591 

G 
F 

3.29 
3.28 

10 
9.85 

id. 

11 
11.35 

4 
4.18 

*  These  letters  indicate.  resDectivdv.  G 

ruaranti 

MdandFoun 

New  York  Agricultural  Experibient  Station. 
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Report  or  Analtbbb  of  Sampubb  or  Fkrhlizebs  Collected  bt  the  Coioas- 

BioNEB  or  Agbicultubb  During  1915  (continued) 


Name  and  Address  or  MANurAcruRER 
OB  Jobber;  Brand  or  Trade  Name; 

AND    LOCALITT    WhERE    SaMPLE    WAS 

Taken 

Num- 
ber 

G* 

F* 

G 
F 

G 

F 

G 
F 

Pounds  in  100  Pounds  or 

FERTILinBR 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Lister's      Agricultural      Chemical 
Works,  Newark,  N.  J.  (conUnued) 
Lister's  Long  Island  Special  for  Cab- 
bage and  Caxiliflower 
Hicksville 

0689 

4.11 
3.90 

5 
4.89 

6 
7.35 

4 
4.04 

Lister's  Oneida  Special 
Utica 

6764 

0.82 
0.95 

7 
6.57 

7.55 

1 
1.14 

Lister's  Perfect  Potato  Manure 
Southampton 

0687 

3.29 
3.26 

8 
8.57 

9 
9.21 

4 
4.02 

Lister's  Potato  Manure  Revised 
Utica 

* 

6765 

3.29 
2.94 

10 
10.40 

11 
11.80 

3 
3.36 

Lister's    Revised    Cauliflower    and 
Cabbage  Fertiliser 
GrotoD 

6190 

G 
F 

3.29 
3.24 

10 
9.96 

11 
11.48 

3 
3.28 

Lister's    Revised    Cauliflower    and 
Cabbage  Fertiliser 
MargaretvUle 

6416 

G 

• 

F 

3.29 
3  28 

10 
9.72 

11 
11.26 

3 
3.32 

Lister's  Revised  Grain  and  Grass 
Fertiliser 
Spenoerport 

6484 

G 
F 
G 
F 
G 
F 
G 
F 

10 
9.53 

11 
9.95 

2 
2.02 

Lister's  Revised  New  York  Special 
Fertiliser 
Skaneateles 

5896 

0.82 
0.96 

9 
8.19 

10 
9.15 

3 

2.77 

Lister's   Revised   Celebrated   Com 
Manure 
Huntington 

0673 

3.29 
3.30 

10 
10.37 

11 
11.61 

3 
3.20 

Lister's  Revised  Potato  and  Com 
No.  2  Fertiliser 
St.  Johnsville 

4968 

1.65 
1.78 

10 
9.70 

11 
12.64 

3 
3.12 

Lister's  Revised  Special  10%  Potato 
Fertiliser 
South  Berlin 

4860 

G 
F 

1.65 

1.78 

10 
10.80 

11 
11.80 

2 
2.02 

r     * 


These  letters  indicate,  respectively^  Guaranteed  and  Found. 
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Report  on  Inspection  Work  of  the 


Report  op  Analyses  op  Samples  of  Fertilizers  Collected  bt  the  Gomiis- 

siONER  OF  Aqricultuke  Durinq  1915  {continued) 


Name  and  Address  op  Makttfacturer 
OR  Jobber;  Brand  or  Trade  Name; 
and  Locaijtt  Where  Sample  was 
Taken 

Num- 
ber 

Pounds  in  100  PomiDS  of 
Fertiliekr 

Nitro- 
gen 

Pho^horie  add 

Avail- 
able 

Total 

Potsflh 

Lister's      Aqricultural      Chemical 
Works  Newark,  N.  J.  (eondudei) 
Lister's  Revised  Special  10%  Potato 
Fertiliser 
Richfield  Springs 

6789 

F* 

1.65 
1.72 

10 
9.91 

11 
11.07 

2 
2.36 

Lister's    Revised    Vegetable    Com- 
pound 
Huntington 

0672 

G 

F 

3.29 
3.30 

10 
10.15 

11 
11.50 

3 
3.28 

Lister's  Special  Crop  Producer 
Spencerport 

6482 

G 

F 

0.82 
1.01 

7 
6.92 

8 
8.02 

1 
1 

Lister's  Special  Wheat  Fertiliser 
Phelps 

0110 

G 

F 

1.65 
1.57 

8 
8.36 

9 
9.54 

3 
3.08 

Lister's  Standard  Pure  Superphos- 
phate of  Tiime 
Groton 

6189 

G 
F 

2.47 
2.65 

9 

8.77 

10 
11.41 

2 
2.39 

lister's  Standard  Pure  Superphos- 
phate of  Lime 
Utica 

6752 

G 

F 

G 
F 

G 
F 

G 
F 

2.47 
2.46 

9 
9.39 

10 
10.85 

2 
2.24 

Lister's  SuccesR  Fertiliser 
Margaretville 

6415 

1.23 
1.31 

9 
9.25 

10 
10.25 

2 
2.04 

Lister's  Success  Fertiliser 
Moravia 

6566 

1.23 
1.31 

9 
9.08 

10 
10.12 

2 
2.14 

Lister's  U.  S.  Superphosphate 
Edmeston 

6786 

1.03 
1.28 

8 
8.26 

9 
9.64 

2 
2  16 

Lister's  Valley  Brand  Fertiliser 
Moravia 

6565 

G 
F 

0.82 
0.97 

8 
8.05 

9 
9.44 

3 

2.82 

Lister's  Wheat  and  Rye  Fertiliser 
Prattsbiurg 

0405 

G 
F 

G 
F 

G 
F 

1.65 
1.32 

8 
9.51 

9 
10.93 

2 
1.84 

Nitrate  of  Soda 
Aquebogue 

0583 

15 
15.04 

Potato  and  Com  No.  2 
Margaretville 

6414 

1.65 
1.73 

10 
9.80 

11 
12.56 

3 

2.92 

*  These  letters  indicate;  respectiveljy;  Guaranteed  fuii}  f999d. 


New  York  Agricultural  Experiment  Station. 
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RxFOBT  OF  Analtbbs  OF  Saicplbs  OF  Febtilizebs  CJollectbd  bt  the  Coinns- 

8IONSR  OF  AGRicm^ruRE  DuRiNO  1915  {continued) 


• 

Name  and  Aodbess  of  Manttfactubbb 
OR  Jobbbb;  Brand  ob  Tbade  Nake; 
and  locautt  wuebe  sample  was 
Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fbbtiuzsb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Lowell  Fbrtilizeb  Co.,  Boston,  Mass. 
Lowell  Add  Phosphate 
Hamilton 

0948 

G* 
F* 

G 
F 

G 

F 

G 
F 

G 
F 

G 
F 

G 

F 

G 
F 

G 
F 

G 

F 

G 
F 

G 

F 

14 
13.99 

15 
15.15 

Lowell  Animal  Brand 
FiAst  Meredith 

6418 

2.46 
2.30 

8 
8.61 

9 
9.59 

3 
2.93 

Lowell  Animal  Brand 
Fort  Ann 

1 
0301 

2.46 
2.53 

8 
9.10 

9 
9.82 

3 
3.24 

LoweU  Bone  Fertiliser 
Oneonta 

6771 

1.64 
1.68 

8 
6.94 

9 
8.04 

3 
2.58 

Lowell  Bone  Fertiliser 
East  Meredith 

6417 

1.64 
1.59 

8 
8.85 

9 
9.73 

3 
3.06 

Lowell  Cereal  Fertiliser 
Cc^land 

01 

0.82 
1.05 

7 
7.77 

8 
8.05 

1 
1.20 

Lowell  Dissolved  Bone  and  Potash 
Oneonta 

6773 

1.64 
1.70 

9 
10.22 

10 
10.88 

2 
2 

Lowell  Empress  Brand 
Oneonta 

6772 

1.24 
1.17 

7 
7.63 

8 
8.33 

2 
1.98 

Lowell  Grain  Phosphate 
Middle  Granville 

4886 

12 
11.24 

13 
11.80 

2 
1.82 

Lowell  Ground  Bone 
Waverly 

6945 

2.46 
2.47 

23 
25.15 

LoweQ  New  York  Potato  2-8-3 
Brewerton 

6906 

1.64 
1.70 

8 
7.71 

9 
9.01 

3 
3.40 

Lowen  New  York  Special  4-a^ 
Middle  Granvi&e 

4885 

3.28 
3.14 

8 
7.83 

9 

8.75 

3 
3.18 

Lowell  Sterling  Phosphate 
East  Meredith 

6419 

G 
F 

G 

F 

0.82 
0.87 

8 
7.95 

9 
8.57 

3 
3.85 

Xhrate  of  Soda 

6940 

15 
15.22 

letters  indieate,  xespectively,  Guaranteed  and  Found 
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Report  on  Inspection  Work  of  the 


Rbpobt  op  Analtsbb  op  Saicplbs  of  Fertiuzebs  Collected  bt 

siONER  OP  AoRicuLTUBE  DuRiNO  1915  {conHfiued) 


THB    COMMIS- 


NAia  AND  Addbbbs  op  Manupactubbb 
OB  Jobbkb;  Brand  ob  Tradb  Name; 

Taken 

Num- 
ber 

G* 

F* 

Pounds  in  100  Pounds  op 
Fertilizer 

Nitro- 
gen 

Pho^horic  add 

Avail- 
able 

Total 

Potash 

LuDLAM  Co.,  Fbbdebick,  New  Yobx, 
N.Y. 
LudUm'8  A.  B.  F.  Fertiliser 
Babylon 

6070 

1.65 
1.56 

8 
8.56 

9 

9.86 

2 
2.26 

Ludlam's  Cecrops  Fertilizer  No.  1 
Calverton 

6072 

G 
F 

G 
F 

3.29 
3.38 

8 
8.19 

9 
9  15 

4 
4 

Ludlam's  Cecrops  Fertiliser  Revised 
New  Woodstock 

019 

3.29 
3.24 

10 
10.59 

11 
11.35 

3 
3.08 

Ludlam's  Fruit  and  Vine  Fertiliser 
Revised 
Babylon 

6068 

G 

F 

1.65 
1.65 

10 
9.93 

11 
11.25 

3 

3.18 

Ludlam's  Long  Island  Special  Potato 
Fertilizer  Revised 
New  Hyde  Park 

0608 

G 
F 

2.88 
2.87 

8 
8.39 

9 
9.71 

4 
4.30 

Ludlam's   Palmetto    Fertilizer   Re- 
vised 
New  Woodstock 

018 

G 

F 

0.82 
1.00 

8 
8.51 

9 
10.15 

3 
3 

Ludlam's  Sickler  Phosphate  Revised 
Erieville 

020 

G 

F 

G 

F 

G 
F 

10 
11.82 

11 
13.30 

2 
1.98 

Ludlam's  Special  Potato  Fertiliser 
Revised 
Babylon 

6069 

2.47 
2.45 

10 
10 

11 
11.16 

3 
3 

Nitrate  of  Soda 
Calverton 

6073 

15 
15.14 

Lyon,  S.  G.,  Auboba,  N.  Y. 

S.    G.    Lyon's   Ammonlated   Bone 
Superphosphate 
Aurora 

0418 

G 

F 

1.23 
1  43 

8 
8,77 

9 
9.51 

3 
3.26 

Mapeb  Fobmula  a  PsBinnAN  Guano 
Co.,  The,  New  Yobs,  N.  Y. 
Mi^)eB  General  Crop  Brand 
Mount  Eisoo 

0462 

G 
F 

1.65 
2.01 

8 
8.27 

10 
11.27 

2 
2.65 

*  These  letters  indioate,  respectively,  Guaranteed  and  Found. 


New  York  Agmcultural  Experiment  Station. 
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.CXPOBT  or  Analtsbs  of  Samplsb  of  Fertiuzeks  Collected  bt  the  Comas- 

BiONXB  OF  Agbi  CULTURE  DURING  1915  (continued) 


Name  and  Address  of  Manufacturer 
OB  Jobber;  Brand  or  Trade  Name; 

AND    LOCALITT    WhERB    SaMPLB    WAS 

Taken 

Num- 
ber 

G* 
F* 

G 
F 

G 

F 

G 

F 

G 
F 

G 

F 

G 

F 

G 
F 

G 
F 

Pounds  in  100  Pounds  of 
Fertiuzer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Mapbs  Formula   &  Peruvian  Guano 
Co.,  The,  New  York,  N.  Y.  (con- 
Hnued) 
Mapes  Grain  Brand 
Canastota 

5895 

0.82 
1.06 

8 
8.07 

9.87 

4 

5.25 

Mapes  Potato  Manure 
White  Plains 

4835 

3.71 
3.67 

8 

8.87 

9.91 

6 
6.46 

The  Mapes  Average  Soil  Complete 
Manure 
Mattituck 

6056 

4.12 
4.32 

7 
7.21 

8 
8.65 

5 
5.45 

The  Mapes  CauHflower  and  Cabbage 
Manure 
Mattituck 

6054 

4.12 
4.38 

6 
6.13 

6.89 

6 
7.04 

The  Mapes  Cereal  Brand 
Mount  Kisco 

0461 

1.65 

1.81 

6 
6.18 

8 
9.54 

3 
3.38 

The  Mapes  Complete  Manure  "  A '' 
Brand 
Mount  Kisoo 

0463 

2.47 
2.85 

10 
9.52 

12 
13.20 

2.50 
2.80 

The  Mapes  Complete  Manure  10% 
Potash 
Canastota 

5894 

2.06 
2.50 

3 
3.94 

5 

5.62 

10 
10.66 

The  Mapes  Com  Manure 
Manorville 

6068 

2.47 
2.55 

8 
7.46 

10 
11.46 

6 
6.26 

The  Mapes  Dissolved  bone 
Mattituck 

6055 

2.06 
2.50 

12 
16.19 

18.47 

The  Mapes  Eoonomioal  Potato  Man- 
ure 
Hicksvills 

0690 

G 
F 

3.29 
3.38 

4 
4.22 

6 
7.28 

8 
9.16 

The  Mapes  Fruit  and  "^ne  Manure 
Manorville 

6087 

G 

F 

G 

F 

1.66 
1.81 

5 
4.82 

7 
8.04 

10 
11.37 

The  Mapes  Potato  Manura  L.  I. 
Spedal 
Manorville 

6090 

3.29 
3.30 

4 
5.72 

6 
7.96 

7 
7.16 

These  letters  indicate,  respectively.  Guaranteed  and  Found. 


886 


Report  on  Inspection  Work  of  the 


Report  of  Analtbkb  of  Sauples  of  FEBniiizESB  Collsoted  bt  the  Comas- 

8I0NER  OF  AoRicui/ruRB  DiHUNQ  1915  (continn/ed) 


Name  and  Address  of  Makufacturer 
OR  Jobber;  Brand  or  Trade  Name; 

Taksn 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

Mapes  Formula  &  Peruvian  Guano 
Co.,  The,  New  York,  N.  Y.  {con- 
cluded) 
The  Mapes  Tobacco  Ash  Constit- 
uents 
Owego 

6972 

F* 

0.50 
0.58 

5.70 
5.78 

15 
16.09 

2.29 

The   Mapes  Tobacco  Starter   Im- 
proved 
Owego 

6971 

G 
F 
G 
F 
G 
F 

4.12 
4.12 

6 
7.24 

8 
9.24 

1 
2.93 

The  Mapes  Top  Dresser  Improved 
Full  Strength 
Mattituck 

6060 

9.88 
9.88 

5 
6.51 

8 
8.01 

4 
5.09 

The  Mapes  Top  Dresser  Improved 
Half  Strength 
White  Plains 

4834 

4.94 
5.14 

2.50 
3.50 

4 
4.55 

2 
2.12 

The  Mapes  Vegetable  Manure  or 
Complete  Manure  for  Light 
Soib 
Irvington 

0469 

G 
F 

G 
F 

4.94 
5.33 

6 
7.13 

8 
9.19 

6 
6.80 

Martin  Fertilizer  Co.,  Philadelphta, 
Pa. 
Acid  Phosphate 
Kendaia 

0125 

14 
14.85 

15.05 

Dissolved  Organic  Compound 
Romulus 

0128 

G 
F 

G 
F 

1.03 
1.59 

9 
11.35 

2 
2.51 

12.71 

Martin's  Com  and  Cereal  Special 
Syracuse 

6996 

1.64 
1.85 

8 
9  35 

2 
2.51 

01.31 

Special  Compound 
Rushville 

0148 

G 
F 

1.64 
1.79 

8 
10.14 

5 

4.51 

11.06 

Special  Mixture 
Seneca  Falls 

6696 

G 
F 

1.64 
1.75 

8 
9.14 

3 
3.37 

10.70 

One-Eight-Three 
Seneca  Falls 

6597 

G 

F 

0.82 
1.00 

8 
9.81 

3 
3.42 

10.76 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found 


New  York  Agiuculttjral  Experiment  Station. 


887 


RspoRT  or  Analyses  of  Samples  of  Fertilizers  Collected  by 

sioNEB  of  Agriculture  During  1915  (continued) 

'  the  Commis- 

Name  and  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 

AND    LOCAUTT    WhERE    SaMPLE    WAS 

Taken 

Num- 
ber 

G* 
F* 

G 

F 

G 

F 

G 
F 

Pounds  in  100  Pounds  of 
Fertilizer 

■ 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Mabtin  Fertilizer  Co.  Philadelphia, 
Pa.  (condvded) 
One-Kight-Three 
Romulus 

0129 

0.82 
1.20 

8 
10.82 

• 

3 
3.13 

11.50 

Two-Ten-Five 
Seneca  Falls 

6596 

1.64 
1.65 

10 
10.30 

5 
3.84 

11.40 

Four-Eight-Five 
Ru^ville 

0147 

3.28 
3.14 

8 
8.58 

5 
3.71 

10.22 

Four-Ten-Three 
Liverpool 

6997 

3.28 
2.79 

10 
10.55 

3 
2.67 

11.16 

Mitchell  Fertilizer  Co.,  The,  Trem- 
LET,  N.  J. 
Mitchell's  Vegetable  Fertilizer 
Kinderhook 

0487 

G 
F 

G 
F 

G 
F 

2.47 
2.56 

8 
7.98 

9 
9.10 

3 
3.35 

MuNBOE  &  Son,  Geo.  L.,  Oswego,  N.  Y. 
Pure  Unleached  Wood  Ashes 
Kirkwodd 

6956 

0.25 
0.63 

0.50 
1.11 

1 
2.96 

McCoT,  Geo.  E.,  Peekskill,  N.  Y. 
An  Honest  Fertilizer 
Peekskill 

4838 

5 
5.01 

16 
20.36 

Nassau  Fertilizbb  Co.,  New  York, 
N.Y. 
Big  Yield 
LowviUe 

6710 

G 

F 

G 

F 

G 

F 

G 
F 

G 
F 

1.65 
1.65 

9 

9.88 

10 
10.74 

3 
2.89 

Gladiator  Truck  and  Potato  Special 
Candor 

6958 

3.29 
3.39 

10 
10.76 

11 
11.20 

3 
3 

Grass  and  Grain  Fertilizer 
Shekomeko 

0478 

. .  ,.  .. 

10 
9.37 

11 
10.61 

2 
1.84 

Plow  Brand 
Lowville 

6709 

1.65 
1.71 

8 
8.22 

9 
9.36 

2 
2.20 

Potato  Manure 
Shekomeko 

0477 

2.06 
2.03 

8 
8.39 

9 
9.25 

3 
3.08 

*  Th«99  letters  ip^iicatS;  respectively,  Guaranteed  »Qd  Found. 


888 


Report  on  Inspection  Work  op  the 


Rbpobt  of  Analtbbs  of  Samples  of  Fbbtilizsbs  Goludcisd  bt  the  Comas- 

siONEB  OF  AoBicui;ruBB  DuBiNG  1915  {continued) 


Name  and  Addbbss  of  Manufactubbb 
OB  Jobbbb;  Bband  ob  Tbade  Name; 

AND    LOCALITT    WhEBB    SaMPLB    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtiuzeb 

Nitro- 
gen 

Phosphoric  acid 

AvaQ- 
able 

Total 

Potash 

• 

Naraau  Febtiuzeb  Co.,  New  Yobk, 
N.  Y.  iamdvded) 
Soluble  Phosphate 
Lowville 

6712 

G* 
F* 

14 
15.39 

15 
16.39 

Special  General  Favorite 
Lowville 

6711 

G 
F 

0.82 
1.04 

8 
8.98 

9 
9.76 

3 
3.09 

Wheat  and  Grass  Grower 
Gayhead 

0709 

G 

F 

0.82 
1.09 

8 
8.94 

9 
9.86 

2 
2 

National  Febtiuzeb  Co.,  The,  New 
YoBK,  N.  Y. 
National  Ammoniated  Bone  Phos- 
phate 
Patchogue 

6065 

G 

F 
G 
F 

1.65 
1.80 

8 
8.10 

9 
10.06 

2 
2.31 

National  Complete  Root  and  Grain 
Fertiliser  Special 
Southampton 

0590 

3.29 
3.13 

8 
7.93 

9 
9.85 

4 

4.14 

National  Potato  Phosphate  Special 
Eastport 

6082 

G 
F 

2.06 
2.05 

8 
8.93 

9 
10.55 

3 
3  58 

Natubal  Guano  Co.,  Auboba,  III. 
Sheep's    Head    Brand    Pulverized 
Sheep  Manure 
New  York 

0374 

G 
F 

2.25 
2.51 

1 
1.79 

1.25 
1.93 

1  50 
1.84 

Nbwbubgh  Rsndebino  Co.,  Newbtjboh, 
N.Y. 
Concentrated  Tankage 
Newburgh 

0702 

G 
F 

11 
11.95 

Pure  Meat  and  Bone  Fertiliser 
Newburgh 

0701 

G 
F 

4 
5.35 

16 
17.12 

NxwHOF  &  Son,  L.,  Albant,  N.  Y. 
Pure  Fertiliser 
Albany 

0710 

G 
F 

5 
6.87 

• 

9 
7.43 

N.   J.   Febtilueb   &   Chbmioal  Co., 
New  Yobk,  N.  Y. 
Croxton  Complete  Truck  Guano 
Ronkonkoma 

0091 

G 
F 

3.35 
2.96 

8 
8.44 

10.50 
8.73 

5 

4.18 

»*  These  lettsra  indicate,  respectively,  Guarsnteed  and  Found* 


New  York  Agricultural  Experiment  Station. 
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Rkpobt  of  Analtbbs  of  Samplbb  of  Febtilizebb  Collegtbd  bt  the  Commis- 

siONBB  OF  AoBicui;ruBE  DxjBiNo  1915  (conHnVied) 


Name  and  Addbesb  of  Mamttfactubeb 
OB  Jobbeb;  Bbanb  ob  Tbadb  Name; 

AND    LOCALITT    WhSBB    SaMPUB    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertxuzer 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

New  Yobk  Stable  Manitbe  Co.,  Jbbset 
Cnr,  N.  J, 
Diamond  Dried  GroiiTid  Compost 
New  York 

0392 

0* 

2.06 
2.38 

1.50 
1.97 

1.79 
2.35 

1 
1.43 

New  Yobk  State  Grange  Pubchasino 
Agency,  Olban,  N.  Y. 

032 

G 

F 

8 
7.61 

3 
2.40 

Baldwinsville 

8.60 

Patron's  1-&-3 
Alden 

0936 

G 
F 

0.82 
1.01 

9 
9.08 

9.50 
9.66 

3 
2.72 

Patron's  2«^2 
Alden 

0935 

G 
F 

G 
F 

1.64 
1.64 

8 
8.63 

8.50 
9.45 

2 
1.55 

Patron's  S-IO-S 
Thiells 

0703 

2.46 
2.29 

10 
10.48 

10.50 
11.10 

2 
2.06 

Patron's  3-10>3 
Thiells 

0706 

G 
F 

2.46 
2.15 

10 
10.33 

10.50 
10.73 

3 
2.20 

Patron's  4-^-3 
Linwood 

6665 

G 
F 

G 
F 

3.26 
3.15 

8 
8.01 

8.50 
8.65 

3 
2.86 

Patron's  4-8-^ 
Alden 

0937 

3.29 
3.12 

8 
9.30 

8.50 
10.32 

3 
2.86 

Patron's  4-9-3 
Thiells 

0705 

G 
F 

3.28 
2.96 

9 

8.82 

9.50 
9.63 

3.00 
2.60 

Pifctron's  7-6-2 
ThieUs 

0704 

G 

F 

5.74 
5.76 

6. 
7.34 

6.50 
8.26 

2 
2.12 

14%  Add  Phosphate 
Rochester 

0000 

G 
F 

G 
F 

G 

F 

14. 
14.51 

14.25 
14.79 

14%  Add  Phosphate 
Kings  Park 

0806 

14 
13.90 

14.30 
15.50 

16%  Add  Phosphate 
Linwood 

6664 

16 
16.41 

16.80 
17.29 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


890 


Report  on  Inspection  Work  op  the 


Rbport  of  Analtsbs  of  Samples  of  Ferhuzebb  CoLLEcrrBD  bt  the  Ck>Mifis- 

siONEB  of  Agriculture  Dxtrino  1915  (continued) 


Name  and  Addresb  of  Manufacturer 
or  Jobber;  Brand  or  Trade  Name; 

AND    LOGALITT    WhERE    S  AMPLE    WAfi 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

New  York  State  Grange  Purchasing 
Agency,  Glean,  N.  Y.  (conduded) 
16%  Add  Phosphate 
Morganville 

6675 

G* 

16 
16.03 

16.30 
17.35 

16%  Acid  Phosphate 
Alden 

0934 

G 
F 

G 

F 

16 
16.58 

1638 
17.34 

Nitrate  Agenoes  Ck).,  New  York, 
N.  Y. 
Basic     Slag     (Thomas    Phosphate 
Powder) 
New  York 

0361 

tl4 

17 
17.05 

Dried  blood 
New  York 

0357 

G 
F 

13.16 
12.60 

Ground  Bone 
Brooklyn 

0366 

G 
F 

G 

F 

G 
F 

G 
F 

G 

F 

2.46 
2.46 

22.88 
24.25 

High  Grade  Acid  Phosphate 
New  York 

0354 

16 
15.99 

16.41 

High  Grade  Acid  Phosphata 
New  York 

0355 

14 
14.72 

15.04 

High  Grade  Chemical  Fertiliser 
New  York 

0358 

4.93 
5.20 

8 
8.96 

9.72 

6 
5.94 

High     Grade     Genuine     Peruvian 
Guano 
New  York 

0360 

10.69 
10.53 

10 
11,07 

11 
13.07 

2 
2.58 

High  Grade  Raw  Bone 

New  York 

0359 

G 

F 

G 

F 

G 
F 

3.70 
3.68 

23 
24.68 

Nitrate  Soda 
New  York 

0365 

15 
15.24 

Olds  &  Whipple,  Hartford,  Conn. 

6909 

5 
535 

1.65 
1.63 

0.90 
0.68 

Baldwinsville 

*  These  letters  indicate,  respectively,  Guaranteed  and  Foand. 

t  No  official  method  for  determining  available  phosphoric  add  in  this  'M^^pJ^ 


New  York  Agricultural  Experiment  Station. 
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Rbport  of  Analtbeb  of  Samples  of  Fertiuzebs  Collected  bt  the  CJoioos- 

siONEB  OF  Agbicui/tube  Dxtrinq  1915  (conlinued) 


Name  jun>  Aobbbse  ov  Manxtfactuher 
OB  Jobbeb;  Bbanb  ob  Trade  Name; 

AND    LOCAUTT    WhBBB    SaMPLB    WAB 

Takbn 

• 

Num- 
ber 

G* 
F* 

G 
F 

G 

F 

Pounds  in  100  Pounds  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

0iJ>8   &   Whipple,  Habhtobd,  Conn. 
(eondiMiecO 
Castor  Pomaoe 
BaldwinsviIIe 

034 

5 
5.13 

1.65 
1.53 

0.90 
0.86 

Olds  &  Whipple's  Dry  Ground  Fish 
Baldwins  ville 

6998 

7.40 
8.67 

4.50 
5.31 

5.50 
6.81 

Olds  &  Whipple's  Precipitated  Bone 
Phosphate 
BaldwinsviIIe 

7000 

38 
40.70 

Patafsco  Guano  Co.,  Bai/itmobe,  Md. 
Coon  Brand  Guano 
Oxford 

6912 

G 
F 

G 
F 

0.82 
1.19 

9 
9.53 

10 
10.65 

3 
3.25 

Grange  Mixture 
Bridgewater 

6797 

1.65 
1.79 

8 
7.86 

9 
9.34 

2 
2.18 

Patapsco  Golden  Crop  Fertihser 
Oxford 

6911 

G 

F 

1.65 

1.84 

9 
9.25 

10 
10.92 

3 
3.16 

Patapsoo  0.  K.  Phosphate 
Oxford 

6910 

G 
F 

0.82 
0.87 

8 
9.61 

9 
9.89 

2 
2.10 

Patapsco  Pure  DisBoIved  8.  C.  Phos- 
phate 
Bridgewater 

6796 

G 
F 
G 
F 

G 

F 

14 
13.72 

15 
14.48 

Patapsco    Soluble    Phosphate    and 
Potash 
New  Berlin 

6947 

10 
10.55 

11 

11.71 

2 
1.96 

Patapsco  Special  Alkaline  Phosphate 
Oxford 

6914 

12 
12.20 

13 
12.70 

2 
2.35 

Patapsco  Special  Columbian  Guano 
for  Truck,  Potatoes  and  To- 
bacco 
Oxford 

6913 

G 
F 

2.47 
2.53 

8 
7.39 

9 
9.77 

3 

3.10 

Patapsco    Special    Prolific    Potato 
Phosphate 
Bridgewater 

6798 

G 
F 

3.29 
3.30 

10 
10.13 

11 
11.87 

3 
3.10 

*  These  letten  indicate,  respectively,  Guaranteed  and  Found. 


892 


Report  on  Inspection  Work  of  the 


Rbpobt  of  Analtbxs  or  Samples  of  Fbbtilizbbs  GoLLBonsD  bt  tbb  CbmiiB- 

sioNXB  or  AoBicuimJBx  DtTBiNO  1915  (continued) 


Name  and  Addbxss  or  MANurAcruBBB 
OB  Jobbeb;  Bband  ob  Tbadb  Name; 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  or 
Febulizbb 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

Piedmont-Mt.  Aibt  Guano  Co.,  Balu* 

MOBB,  Md. 
Insula  Guano  for  All  Crops 
Holland 

0269 

G* 
F* 

G 

F 

0.42 
0.46 

7 
7.66 

2 
2.08 

8.10 

Levering's  Ammoniated  Bone 
Sodus  Center 

6596 

0.82 
0.77 

9 
9.28 

9.80 

3 

3.61 

Levering's  Harvest  Queen 
Cortland 

6179 

G 
F 

0.82 
1  08 

8 
8.16 

2 

2.53 

9 

Levering's  Standard 
Cortland 

6184 

G 
F 

G 
F 

1.65 
1.63 

8 
7.81 

« 

3 
3.14 

8.6l' 

Nitrate  of  Soda 
HicksviUe 

0688 

15.23 
15.32 

Piedmont  14%  Acid  Phosphate 
Nichols 

6944 

G 
F 

G 

F 

14 
16.22 

16.35 

Piedmont  14%  Acid  Phosphate 
ayde 

0105 

14 
15.58 

15.66 

Piedmont  Grain  and  Grass  Grower 
Atwater 

0419 

G 
F 

G 

F 

G 
F 
G 
F 

1.25 
1.23 

9 
8.94 

2.50 
3.50 

9.72 

Piedmont  Grain  and  Grass  Grower 
Spencer 

6974 

1.25 
1.35 

9 
9.62 

2.50 
2.96 

10.14 

Piedmont  High  Grade  Ammoniated 
Bone  and  Potash 
Cortland 

6178 

2.47 
2.34 

8 
8.25 

3 
3.16 

9.13 

Piedmont  New   York  Potato   and 
Truck 
Riverhead 

0585 

4.12 
3.93 

8 
8.30 

4 
4.43 

8.96 

Piedmont  Oats  and  Grass  Guano 
Ontario 

0607 

G 
F 

10 
10.16 

10.50 

2 
2.30 

Piedmont  Raw  and  Dissolved  Bone 
HoUand 

0268 

G 

F 

2.47 
2.50 

in 

oo 

iU               At* 

15.15     22.05 

*  These  letters  mdicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 
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Rbpobt  or  Analtbis  or  Samplmb  or  FEBnuraits  Collbctbb  bt  the  Covmib- 

8IOMBB  OF  AoBicui/ruBB  DuRiNo  1915  (coTiHnued) 


Nau  AMD  Address  op  Manufacturer 
OR  Jobber;  Braiyd  or  Trade  Name; 
Ain>  LocAiiiTT  Where  Sample  was 
Taken 

Num- 
ber 

G* 
F* 

G 

F 

G 

F 

Pounds  in  100  Pounds  of 
Fertiuzer 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Piedmont-Mt.  Aibt  Guano  Co.,  Bat^ti- 
MORE,  Md.  (concluded) 
Piedmont  16%  Add  Phosphate 
Holland 

0272 

16 
17.38 

17.60 

Piedmont    Special    Complete    Fer- 
tilizer 
Riverhead 

0586 

2.47 
2.75 

8 
7.97 

4 
4.16 

8.65 

Piedmont  Special  Market  Garden 
Manure 
Cortland 

6185 

3.29 
3.11 

8 
8.76 

2 
2.14 

9.80 

IHedmont   Special   Perfection   Fer- 
tiliser 
Owego 

6916 

G 
F 
G 
F 
G 
F 

G 

F 

G 

F 

1.65 
1.66 

10 
10.88 

3 
3.28 

12.18 

Piedmont    Special    Phosphate    and 
Potash  Mixture 
Groton 

6993 

13 
13.40 

2 
3.50 

13.45 

Piedmont    Special    Phosphate    and 
Potash  Mixture 
Livonia  Center 

0436 

13 
15.11 

2 
2.01 

15.21 

Piedmont  Special  Potato  Guano 
Hicksville 

0681 

3.29 
3.00 

8 

8.49 

4 
4.06 

9.09 

Piedmont  Wheat  and  Com  Guano 
Ontario 

0608 

1.65 
1.51 

8 
8.74 

2 
2.16 

9.29 

Pine  &  Son,  B.  J.,  East  Williston,  L.  I. 
Pine's  No.  2  Star  Raw  Bone  Super- 
phosphate and  Complete  Ma- 
nure, Reyised 
East  Williston 

0694 

G 

F 

2.06 
2.25 

8 
8.18 

9 
9.52 

3 
3.26 

Pulverized  Manure  Co.,  The,  Cm- 
CAOo,  III. 
Wisard    Brand    Pulverised    Sheep 
Manure 
New  York 

0376 

G 

F 

1.80 
2.33 

1 
1.43 

1 
2.03 

1.45 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found 


894 


Report  on  Inspection  Work  op  the 


Report  of  Analtsbb  of  Sajcplbs  of  Fbrtilizzbs  Gollbctid  bt 

sioNSB  of  AoRicnimmE  DiTBiira  1915  {eonHnued) 


Namb  and  Address  of  MAmrFAcruRBR 
OR  Jobber;  Brand  or  Trade  Name; 

AND    LOCALTTT    WhSBB    SaMPLB    WAS 

Taken 

Num- 
ber 

Pounds  in  100  Poundb  of 
Fertilizer 

Nitro- 
gen 

Phosphoric  add 

AvaU- 
able 

Total 

Potash 

Quaker  Gitt  Poudbbttb  Co.,  Phila- 
delphia, Pa. 
Quaker  City  Poudretto 
New  York 

0309 

G* 
F* 

1.50 
1.20 

3 
3.44 

048 
0  31 

Radium  Fertilizer  Co.,  Pittsburg,  Pa. 
Radium  Brand  Fertilizer 
Rochester 

0433 

G 

F 

3.30 
3.45 

10 
10.49 

3 
3.12 

10.89 

Rasin  Monumental  Co.,   Baltimore, 
Md. 
Raain's  Acid  Phosphate 
CobleskiU 

0304 

G 

F 

14 
15.06 

15 
15.70 

Rasin's  Big  Sixteen  Alkaline  Com- 
pound 
Collins 

0283 

G 
F 

16 
16.80 

17 
18.06 

2 
2.29 

Rasin's    Bone    and    Potash    Fer- 
tilizer 
Amsterdam 

4963 

G 

F 

10 
10.01 

11 

11.45 

2 

2.28 

Rasin's  Capital  Crop  Compound 
Moravia 

6563 

G 
F 

0.82 
0.98 

9 
9.32 

10 
10.03 

3 

3.02 

Rasin's  Champion  Potato  and  Vege- 
table Manure 
LeRoy 

6472 

G 

F 

3.29 
3.22 

8 
8.27 

9 
9.16 

3 
3.40 

Rasin's  Champion  Potato  and  Vege- 
table Manure 
Stanley 

0113 

G 
P 

3.29 
3.06 

8 
8.99 

9 
9.63 

3 
314 

Rasin's  Electric  Truck  and  Vege- 
table Compound 
Salamanca 

0291 

G 
P 

4.12 
3.85 

8 
8.82 

9 
9.40 

3 

2.78 

Rasin's  Empire  Guano 
Amsteidam 

4962 

G 
F 

1.65 
1.81 

8 
8.03 

9 

8.87 

2 

2.4S 

* 
Rasin's      Great     Alkaline      Grain 
Grower 
linwood 

6471 

G 
F 

14 
13.83 

15 
14.67 

2 
2.61 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Expertmbs 


OF  Analtsxs  or  Samples  or  Febtiuzebs  Cou 
8I0NEB  or  Agbicultube  Dubinq  1915  (< 


NAKB  and  A0DBE88  OF  MANUrACTUBBB 

OB  Jobbsb;  Bband  ob  Tbadb  Name; 

AKD    LOCALTTT    WbXBB    SaMPLB    WAS 

Taken 

Num- 
ber 

G* 

F* 

Poi: 

Nitre 
gen 

Rabin  MoNuifENTAL  Co.,  BAiymcoBE, 
Md.  {concluded) 
Basm's     Great     Alkaline     Grain 
Grower 
Fairport 

0625 

Basin's    Great   AmTnoniated    Crop 
Compound 
Amsterdam 

4965 

G 
F 

0.82 
1.00 

Basin's  Home  Run  Guano 
Stanley 

6500 

G 

F 

1.65 
1.76 

Basin's  Home  Bun  Guano 
Penn  Yan 

6591 

G 

F 

G 
F 

1.65 
1.81 

Basin's  Honey  Bee  Guano 
LeBoy 

6662 

0.82 
0.97 

.    Basin's  King  Guano 
Amsterdam 

4964 

G 
F 

G 

F 

G 
F 

2.06 
2.02 

Basin's  Royal  Fish,  Bone  and  Potash 
BoonviUe 

6754 

1.65 
1  83 

Basin's  16%  Add  Phosphate 
LeBoy 

6661 

Basin's  United  Grain  Grower 
Florida 

0502 

G 
F 

0.82 
0.89 

Basin's  Victoria  Phosphate  and  Pot- 
ash 
Penn  Yan 

6592 

G 

F 

Rbadino  Bone  Fbbtiuxeb  Co.,  Bead- 
iNO,  Pa 
Blood,  Meat  and  Potash  Mixture 
Hamburg 

0277 

G 
F 

G 

F 

1.64 
U89 

Fanner's  Tankage  and  Potash  for 
Com,  Grain  and  Grass 
Churehville 

0631 

0.82 
0.81 

*  These  letters  indicate,  respectively.  Guaranteed  and  Foui 


896 


Report  on  Inspection  Work  of  the 


Report  of  Analyses  op  Samples  of  Fertilizers  Collected  by  the  Couxa- 

siONER  OF  Agriculture  During  1915  (continv/ed) 


Name  and  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 

AND    LOCAUTY    WhERE    SaMPLB    WAS 

Taken 

Num- 
ber 

G* 
F* 

G 

F 

Pounds  in  100  Pounds  of 
Ferthjeer 

Nitro- 
gen 

I^osphoric  add 

Avail- 
able 

Total 

Potadi 

Reading  Bone  Fertilizer  Co.,  Read- 
ing, Pa.  (concluded) 
14%  Clear  Acid  Phosphate 
South  Alabama 

0648 

14 
15.24 

15 
16.06 

Gilt     Edge    Potato    and    Tobacco 
Grower 
Honeoye  Falls 

6674 

1.64 
1.49 

12 
12.47 

13 
13.41 

3 
3.18 

High  Grade  Potash  Mixture 
Hamburg 

0279 

G 

P 

14 
15.33 

15 
16.11 

2 

1.86 

Reading  All  Crops  Special 
Hamburg 

0280 

G 
F 

G 
F 

1.64 
1.65 

10 
10.22 

11 
11 

3 
3.02 

Reading  Pri^e  Winner 
Hamburg 

0278 

2.46 
2.53 

9 
10.22 

10 
11.40 

3 
2.73 

Reeves  Co.,  R.  C,  New  York,  N.  Y. 
Reeves'  Phospho-Peruvian  Guano 
New  York 

0802 

G 

F 

2.47 
2.57 

9 
9.16 

10 
10.31 

2.26 

Reichard,  Robert  A.,  Allentown,  Pa. 
Golden  Harvest  Phosphate 
Johnson 

0507 

G 

F 

G 
F 

1.64 
1.68 

8 
7.02 

10 
9.85 

5 
5.81 

Peerless  Phosphate 
Johnson 

0508 

0.82 
0.95 

8 
7.62 

9 
9.50 

4 
4.61 

Rogers  &  Hubbard  Co.,  The,  Port- 
land, Conn. 
Hubbard's  '*  Bone  Base  "  All  Soils- 
All  Crops  Phosphate 
Jay 

0863 

G 
F 

3.30 
3.12 

8 
7.80 

9 
9.68 

2.50 
2.64 

Hubbard's  '*  Bone  Base  "  Complete 
Phosphate 

0460 

G 

F 

G 

F 

1.60 
1.35 

7 
7.72 

8 
10.36 

1.66 
1.72 

Hubbard's  "  Bone  Base  "  Fertiliimr 
for  Oats  and  Top  Dressing 
Mount  Kisco 

0457 

8.50 
7.82 

8 
9.82 

4 
3.39 

Hubbard's  "  Bone  Base  "  Fertiliser 
for  Seeding  Down  and  Fruit 
East  Chatham 

0483 

G 

P 

2.20 
2.19 

6.50 
9.12 

16 
16.70 

4 

4.e4 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  AomcrLTURAL  Experiment  Station. 
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RjBPOBT  OP  Analtbm  OP  Samplos  op  FsBnunaa  Collbctbd  bt  trb  Cohmis- 

BiOMBB  OP  AoBicni/ruBB  Duamo  1915  (oanUnmed) 


Mamb  and  Addbbsb  op  Manupactubbb 
OB  Jobbbb;  Bband  ob  Tbaob  Namb; 

AND    LOCAUTT    WhBRE    SaMPLE    WAB 

Takbn 

Num- 
ber 

Pounds  in  100  Pounds  op 
Fbbulizxb 

Nitro- 
gen 

Phosph< 

[>ricacid 

Avail- 
able 

Total 

Potash 

RooBBS  A  Hubbabd  Ck>.,  Thb,  Pobt- 
LAND  Conn,  (eandttded) 
Hubbard's    "Bone    Base''    Potato 
Phosphate 
Mount  Kiseo 

0458 

G* 

F* 

2 
1.92 

9 
10.26 

10 
11.22 

2.26 
2.46 

Hiibbaid's   *'  Bone  Base ''   Soluble 
Com     and     General     Crops 
Manure 
Mount  Kisoo 

0459 

G 
F 

2.50 
2.74 

6 
7.72 

8 
10.14 

3 
3.08 

Hubbard's    'Bone   Base"   Sohible 
Potato  Manure 
East  Chatham 

0485 

G 

F 

5 

4.57 

7 
6.38 

10 
10.68 

2 
2  44 

Hubbard's   ''Bone  Base"   Soluble 
Tobacco  Manure 
East  Chatham 

0484 

G 

F 

G 
F 

5 
4.94 

7 
7.06 

10 
11.22 

3  33 
3.66 

Rotbkbb  Guano  Co.,  F.  S.,  BAi^mioBB, 
Md. 
Nitrste  of  Soda 
Deposit 

6934 

15 
15.41 

Royster's    Cloverdale    Grain    and 
Grass  Grower 

4966 

G 
P 

10 
10.87 

10.50 
11.81 

2 
2.24 

• 

Royster's   Com   and   Hop   Special 
Fertiliser 
Edmeston 

6782 

G 

F 

G 
F 

G 
F 

O 

F 

O 
F 

2.06 
2.00 

8 

7.82 

8.50 
9.08 

3 
3.22 

Royster's  Cuckoo  Crop  Grower 
Florida 

0535 

0.82 
1.04 

8 
9.36 

8.50 
10.38 

1 
1.08 

Royster's  Dreadnought  fertiliser 
Amsterdam 

4967 

1.65 
1.83 

8 
8.57 

8.50 
9.77 

2 
2.14 

Royster's  Eldorado  Compound 
Delevan 

0266 

1.65 
1.63 

10 
10.69 

10.50 
11.85 

3 
2.83 

Royster's  Favorite  Compound 
Port  Byron 

0417 

1.65 
1.69 

10 
10.18 

10.50 
11.42 

2 
2.12 

*  TheM  letUn  indioato,  napMtivaly,  GuaraatMd  and  Found. 
29 
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Report  on  Inspection  Work  of  the 


RvFORT  Of  Analysis  or  Saicpuds  of  Febtilisbbs  Colucctkd  bt  thz  Coimn- 

siOHBB  or  AoBicuLTUBX  DuBiNO  1015  (continued) 


Namb  and  Addbbsb  or  Manufactubeb 
oB  Jobbbb;  Bband  ob  Tbadb  Namb; 

AND    LOCALITT    WhEBE    SaMPLB    WAS 

Takbn 

Num- 
ber 

G* 
F* 

Pounds  in  100  Pounds  or 
Febttlubb 

Nitro- 
gen 

Phoqihoricadd 

Avail- 
able 

Total 

Potsdli 

RoTSTBB  Guano  Co.,  F.  S.,  Bai/tiiiobb, 
Mb.  (continued) 

2.47 
4.07 

22.90 
22.88 

jtvoyBfer  s  rum  \jrniunu  oouc  iinetti 

WestVaUey                                i  0920 

Royster's  Fish,  Flesh  and  Fowl 
Cortland 

6182 

Q 

F 

G 
F 

1.65 
1.79 

8 
8.52 

8.50 
9.72 

3 

3  18 

Royster's  14%  Acid  Phosphate 
Fayetteville 

6905 

14 
15.55 

14.50 
16.81 

Royster's  Harmony  Compound 
C<Mrfu 

0638 

G 
F 

12 
12.97 

12.50 
13.85 

2 
1  98 

Royster's  H.  G.  16%  Acid  Phoq>hate 
Cortland 

6186 

G 
F 

16 
16  31 

16.50 
17.15 

Royster's  Martial  Compound 
Cortland 

6187 

G 

F 

3.29 
3.34 

10 
10.76 

10.50 
12.30 

3 
3.1C 

Royster's  Normal  Compound 
Riverhead 

6077 

G 
F 

4.94 
4.78 

8 
8.22 

8.50 
10.58 

3 
308 

Royster's  Parfait  Compound 
Riverhead 

0556 

G 

F 

G 

F 

4.11 
4.08 

8 
8.06 

8.50       4 
10.00  ,    4.19 

Ti  extras A'^* a  l^avA  TJanr  llrknA  IV/TaaI 

3.70 
3.76 

21.50 
22  00 

^       rvoyster  s  xnire  itaw  ix>ne  jMieai 
New  Rochelle 

0465 

Royster's    Seeding    Down    Special 
Fertiliser 
Oroton 

6188 

G 
F 

0.82 
0.97 

9 
9.82 

9.50 
10.98 

3 
3 

Royster's  Truckers  Delight 
Riverhead 

0557 

G 
F 

G 
F 

3.29 
3.43 

2.47 
2.37 

8 
8.06 

8.50 
10.02 

4 
3  9$ 

Royster's  Utopia  Compound 
Jamestown 

5996 

8 
8.25 

8.50 
9.61 

3 

2.82 

Royster's  Walhalla  Compound 

6781 

G 
F 

1.23 
1.18 

9 
9.39 

9.50 
10.65 

1.50 
1.42 

Royster's  Wheat,  Oats  and  Bariey 
Fertiliser 
Cortland 

6177 

G 

F 

0.82 
1  00 

8 
8.81 

8.50 
9.81 

2 
1  97 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 
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RxFOBT  of  AKALTSEB  of  SaKPLES  of   FfiBTEUZBBB   COLLIOnD   BT  THX   CoiOCn- 

BioxniB  OF  AoBicui/rcBx  During  1915  (eontinued) 


Name  and  Addbess  of  Manitfagtubbr 
OB  Jobber;  Bband  ob  Tbadx  Name; 

AND    LOCALITT    WhXBE    SaMPLB    WAfl 

Taken 

Num- 
ber 

Pounds  in  100  Pounds  of 
Febtiijeeb 

Nitro- 
gen 

Phoqihorio  add 

Avail- 
able 

Total 

Potash 

RoTBTBB  Guano  Co.,  F.  S.,  BAimMOBs, 
Md.  (concluded) 
Royster's  Wonder  Worker  Guano 
Tully 

015 

G* 

F* 

0.82 
1.02 

8 
8.22 

8.50 
9.34 

3 
2.91 

Sandeb,  Adam,  Salamanca,  N.  Y. 
Adam  Sander  Dry  Tankage   Fer- 
tUiaer 
Salamanca 

0990 

G 
F 

5.38 
4.31 

6 
8.41 

15.40 
19.95 

Sanderson  Febtiuzeb  &  Chemical  Co., 
New  Haven,  Conn. 
Nitrate  of  Soda 
Hicksville 

0680 

G 

F 

15 
15.44 

Sanderson  Special  Cabbage  Fertiliaer 
HickBvffle 

0687 

G 

F 

G 

F 

G 

F 

G 
F 

G 
F 

G 

F 

4.12 
4.18 

9 
9.28 

10 
10.30 

4 
4.25 

Sanderson  Special  Potato  Manure 
Bevised 
Hicksville 

0679 

3.30 
3.30 

8 
7.87 

9 
9.69 

4 
4.53 

flCHAATi-SlIFJjDON  FERTILIZER  Co  .   BtTF- 

14 
14.54 

15 
15.70 

FALO,  N.  Y. 

L/i8B0ivea  Jrnoepnaie 

jraviuon 

uuw 

Dissolved  Phosphate  and  Potash 
Pavilion 

6658 

10 
10.70 

11 
10.86 

2 
1.96 

Farmers'  Favorite 
Randolph 

0233 

0.82 
0.82 

8 
7.78 

9 
9 

2 
1.91 

Fireside  Phosphate 
Pavilion 

6657 

3.29 
3.28 

6 
6.88 

7 
8.60 

3 
2.92 

Grass  Wheat  and  Oats 
Pavilion 

6656 

G 

F 

G 

F 

1.23 
1.33 

10 
10.75 

11 
11.85 

2.50 
2.45 

Guano  Special 
South  Dayton 

0285 

0.82 
0.85 

8 
7.90 

9 
9.52 

3 
3.36 

High  Grade  Ground  Bone 
South  Dayton 

0284 

G 

F 

3.29 
3.39 

20.59 
20.48 

"*  These  letters  indicate,  respectively.  Guaranteed  and  Found, 


900 


Report  on  Inspection  Work  of  the 


Rsvom  or  Analtbu  of  Samplm  ct  Fibuloibs  Collected  bt  tbx  Comaa- 

sioMXR  or  AoBicuimmB  Dxtbino  1915  (continued) 


Nams  and  Addrsss  of  Manufactubbr 
OB  Jobber;  Brand  or  Trade  Name; 
AMD  LocALirr  Wherr  Sample  was 
Taken 

1  ■ 

Num- 
ber 

G* 
F* 

Poundb  in  100  Founds  of 
Fertilizer 

Phosphoric  acid 

Nitro- 
gen 

Avail- 
able 

Total 

Potash 

Schaal-Sheldon  Fertiuzeb  Co.,  Buf- 
falo, N.  Y.  {candvded) 
Sohaal's  Com  and  Potato  Special 
Randolph 

0234 

1.65 
1.65 

8 
7.75 

9 
9.35 

3 
3.06 

Truckers'  Manure  Special 
Randolph 

0235 

G 
F 

2.47 
2.49 

8 
7.80 

9 
9.42 

3 

2.88 

Shat  Fertilizkr  Co.,  The  CM.,  Gro- 
ton,  Conn. 
Nitrate  of  Soda 
Jamesport 

0600 

G 
F 

14.99 

Shay's  Formula 
Jamesport 

6051 

G 

F 

G 
F 

3.20 
3.23 

6 
7.35 

8 
8  85 

4 

5 

Tankage 

Jamesport 

0599 

5.21 

Shoemaker  &  Co.,  Ltd.,  M.  L.,  Phila- 
delphia, Pa. 
Swift-Sure  Bone  Meal 
Southampton 

6065 

G 
F 

4.53 
5.38 

20 
23.05 

Simf^    Qiiv^k     lliiai^^v     f/\i*       ■^miAl^       l^/\i.n 

G 
F 

2.50 
1.86 

8 
9.12 

3 
.  5.51 

and  Onions 

Southampton                                6083 

1 

11.14 

Swift-Sure  Superphosphate  for  Po- 
tatoes 
Southampton 

6084 

G 
F 

G 
F 

3.29 
3.40 

8 
10.97 

3 
3.90 

12.11 

Standard  Guano  Co.,  Baltimore,  Md. 
Dried  Blood 
Nineveh 

6067 

6.56 
10.00 

Extra  High  Grade  Add  Phosphate 
Tunnel 

6943 

G 
F 

G 

F 

16 
16.93 

17.55 

■1   1 

Ground  Tankage 
Binghamton 

6964 

8.24 
8.70 

Nitrate  of  Soda 
Nineveh 

6068 

G 

F 

12.30 
1409 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 
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RavoBT  OP  A^ALTns  or  flUKPiist  of  FsBTiLiziai  CoLLBcniD  3T  tws,  Co^aaa- 

noNiR  or  AoBicuLTCTBa  DuBiNo  1915  (eoniinued) 


NaMB  Ain>  AdDBBSS  of  MANt/FACrURBR 

OB  Jobbxb;  Bband  ob  Tbade  Nams; 

AND    LOCALITT    WhEBB    SaMPLE    WAS 

Taken 

Num- 
ber 

G* 
F* 

G 

F 

G 
F 

Pounds  in  100  Pounds  of 
Febtilizeb 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

Potash 

Standabd  Guano  Ck>.,  Bki/nmoBx,  Md. 
(concluded) 
16%  Acid  Phosphate 
Olean 

014 

16 
16.06 

16.30 
16.46 

Standard  High  Grade  Acid  Phos- 
phate 
FultonvUle 

4959 

14 
14.64 

15.46 

Staadard  Old  Fertiliiy 
Nineveh 

6966 

1.64 
1.56 

8 
8,36 

3 
2.61 

9.21 

3-^3 

Nineveh 

6966 

G 
F 

G 

F 

9  AR 

o 

3 
2.35 

Z.*cO          o 

2.09       8.04 

9.09 

Stappsnbeck  a  Sons,  H.,  Utica,  N.  Y. 
Animal  Bone  and  Potash 
Whitesboro 

6763 

2.50 
2.54 

8 
10.63 

15 
19.55 

2.50 
2.76 

Stockwell  CJo.,  J.  W.,  Fillmore,  N.  Y. 
Stock weU  Go's  Home  Mixed  1-13-5 
Fertiliser 
FiUmore 

0205 

G 
F 
G 
F 
G 
F 

0.82 
0.86 

13 
14.21 

5 
4.30 

14.85 

Stockwell  Go's  Home  Mixed  2-12-5 
Fertiliser 
FiUmore 

0207 

1.65 
1  64 
3  29 
2.09 

12 
12.42 

m 

5 
5.26 

12.66 

StoekweU  Go's  Home  Mixed  4-10-5 
Fertiliser 
Fillmore 

0206 

10 
10.79 

5 

4.84 

11.61 

Stockwell  Go's  16%  Acid  Phosphate 
FiUmore 

0208 

ri 

16 
15.96 

F 

G 

F 

G 
F 

G 
F 

16.30 

SroNBMBAL  Febtilizeb  Co.,  Inc.,  J^obth 
Patebson,  N.  J. 
Stonemeal 
Bliss 

6670 

10.12 
3.47 

10.42 
0.09 

Stonemeal 
Canastota 

058 

10.12 
4.20 

10.42 
0.06 

Stonemeal 
Rav^na 

0713 

10.12 
4.76 

10.42 
0.07 

^  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


902 


Report  on  Inspection  Work  of  the 


Report  of  Amaltbu  or  Samw.ib  of  Fjutiusbm  Colucibo  bt  rsB  Coiuii»- 

aioNXB  or  Agbzcuutubi  DmuNG  1915  (fionHwuti) 


Nams  Ain>  Addbebs  or  MANurAcruBSR 
OR  Jobber;  Brand  or  Trade  Name; 

AND    LOCALTTT    WbERE    SaMPLB    WAB 

Taken 

Num- 
ber 

G* 

F* 

G 

F 

G 

F 

G 

F 

Pounds  in  100  PouNna  or 
Fbrtujzbb 

Nitro- 
gen 

Phosphoric  add 

Avail- 
able 

Total 

PotaBb 

Stonemeal  Ferhuzer  Co.,  Inc.,  North 
Paterson,  N.  J.  (canduded) 
Stonemeal 
Andover 

0940 

10.12 
4.36 

10.42 
0.01 

Stonemeal 

Grandlsland 

0944 

10.12 
4.12 

1042 
0.00 

f^tlxkfifkfnAft] 

4846 

in  19 

in  10 

Poughkeepsie 

3.08  i  Trace 

RtniiATn^fl.1 

5979 

■   ■  -I 

T)iinlcirlc 

4.58  [    0  12 

Stoneme&l 

G 
F 

G 
F 

G 
F 

G 
F 

G 

F 

10.12  1  10  42 
Q  7ft      n  m 

B&ldwinflviUfi 

i       AAA 

1 

O.  lO 

Stonemeal 

Chili                                               0431 

;     4.74      OW 

Stumpp  &  Watter  Co.,  New  York, 
N.  Y. 
Emerald  Lawn  Dreesing 

New  York                                     0653 

3 
3.64 

5 
6.36 

6 
7.48  1 

2  oO 
2  93 

S.  &  W  Co*8  Bone  Fertiliser 

3 
3.08 

20          

23  fi7   ' 

New  York 

0652 

««>.  \>< 

Swift  &  Co.,  Baltimore,  Md. 
Riverhead  Town  Agr'l  Society 

Fertiliaer  1915  Formula  No.  3 
Laurel 

0576 

3.29 
3.14 

8 
8.90 

4 

376 

8.92 

Special  Bone  Meal 
Union 

G 
F 

1.03 
1.30 

28 

9Q  27 

pfvro 

1 

^9.  ^f      1 

Swift's  Champion  Wheat  and  Com 
Grower 
Windsor 

6973 

Gf 

F 

G 
F 

1.65 
1  65 

12 
11.31 

12.25       2  23 

Swift's  Corn,  Wheat  A  Oats  Special 
Candor 

6922 

0.82 
0.92 

11 
10.46 

3 
2.85 

11.96 

*  These  lett^s  indicate,  respectively,  Guaranteed  and  Found 


Nkw  York  AcaucuLTUitAL  Expeuimext  Station. 


903 


Refort  or  Analyses  of  Samplkk  nr  Fertilizera  Collected  by  the  Commis- 
sioner OP  Agriculture  During  1915  (continued) 


Name  and  Address  of  Manufacturer 
oB  Jobber;  Brand  or  Trade  Name; 
and  Localitt  Where  Sample  was 
Taken 


Swift    &    Co.,    Baltimore,  Md.  {con- 
tinued} 
Swift's  Degelatinized  Bone 
Dry den 


Swift's  Pure  Animal  Fertiliser  Long 
Island  Special 
Aquebogue 


Swift's  Pure  Bone  Meal 
Cattaraugus 


Swift's  Pure  Com  and  Wheat  Grower 
Herkimer  i 

Swift's  Pure  Degelatinized  Bone        I 
Ballston  Spa  I 

Swift's  Pure  Diamond  A  Vegetable, 
Tobacco  and  Fruit  Grower 
Cortland 

Swift's    Pure    Diamond    K    Grain 
Grower 
Burt 


Swift's  Pure  Diamond  W  Vegetable 
and  Fruit  Grower 
Cattaraugus 


Swift's  Pure  Diamond  Z  Fertilizer 
Candor 


Swift's  Pure  Dissolved  Animal  Bone 
wiUi  Potash 
Burt 


Swift's  Pure  Florist  Special  Tankage 
Tarrjrtown 


Swift's  Pure  Garden  City  Phosphate 
Conajoharie 


Pounds  in  100  Pounds  of 
Fertilizer 

Num- 
ber 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

r* 

6977 

1?*      1     IK 

28.01 

G 

F 

X  .  lU 

4.94 
4.89 

8 

7.72 

4 
4.30 

0576 

8.56 

G 
F 

G 
F 

G 

^ 
G 

F 

G 

F 

G 

F 

2.47 
2.79 

24 
22.15 

5982 

1.65 
1.70 

10 
9 

2 
2.16 

6780 

10.36 

0.82 
1.32 

28 
31.48 

0714 

6180 

2.47 
2.63 

8 
8.91 

9 
9.69 

3 
3.06 

0228 

0.82 
0.87 

12 
12.27 

12.60 
12.69 

1 
1.16 

5980 

1.66 
1.71 

8 
7.91 

9 
9.29 

3 
3.20 

G 

F 

G 
F 

0.82 
0.78 

11 
10.89 

1 
0.90 

6921 

12.59 

0229 

1.23 
1.23 

13 

12.92 

18 
17.39 

1.60 
1.50 

G 
F 

G 

F 

4.94 
5.95 

12 
13.16 

0468 

14 
14.02 

4960 

15.06 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


904 


Rkport  on  Inspection  Work  of  the 


RbPOST   or    ANALT8B8   OF   S\MPLrs    OF    FBRTTLinSRS    COLLECHED    BT    THK    CoMlll^- 

SIONKK   Ol     .\gUM  I  I.TUUK    DluINO    1913    (C07l/!liU«d> 


Pounds  in  100  Pounds  of 
Fbbhuzbs 


Nams  and  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 
and  logautt  wuere  sample  was 
Taebn 

Num- 
ber 

G* 

F* 

G 
F 

Nitro- 
gen 

Phosph< 

>ricAcid 

Avail- 
able 

Total 

Potash 

Swift  A  Co.,  BAimuoRK,  Md.    (con- 
tinued) 
Swift's  Pure  Garden  City  Phosphate  : 

Cherry  Valley                             ,0311 

14 
16.20 

16.40 

fl%frif4'a   Piii'vi  rinmm/l    T^AAf  nrtriA 

2.06 
2.04 

27 
27.31  1 

Dwu  V  B  i^ure  vxrouuQ  sj^sgi  i>oue 
Sinclairville 

0917 

Swift's   Pure   Long    Island    Potato 
Manure 
Aquebogue 

0581 

G 

F 

G 
F 

G 

F 

G 
F 

3.29 
3.09 

8 
7.74 

8.66 

4 

4  69 

Swift's  Pure  Market  Garden  Manure 
Chester 

0524 

3.29 
3.16 

8 
7.88 

3 
3  78 

9.06 

Swift's  Pure  Nitrate  of  Soda 
Cuba 

0212 

14.81 
15.44 

Swift's  Pure  Pulverised  Sheep  Ma- 
nure 
Burt 

0227 

1.65 
1.66 

1 
I 

1.75 

1  50 
2.96 

Swift's  Pure  Red  Ste  >r 
Cortland 

6181 

G 
F 

1.65 

1.87 

8 
8.06 

9 
9.26 

2 
2  16 

{^unri'n  PiiTA  "RiMni]  Tnn  T)rAaanr 

G 
F 

G 
F 

8.24 
6.60 

5 

5.80 

3 
3 

Sidney 

6446 

6.81 

Swift's  Pure  Regal  Top  Dresser 
Apalachin 

0963 

8.24 
7.64 

5 

5.42 

G.04 

3 

273 

Swift's   Pure   Reliable    Grain    Fer- 
tiliser 
Cherry  Valley 

0310 

G 
F 
G 
F 
G 
F 

0.82 
0.64 

8 
7.79 

1 
081 

8.83 

Swift's  Pure  Special  Com,  Wheat  and 
Grain  FertiHcer 
Romulus 

0140 

0.82 
0.79 

8 
8.34 

3 

2S6 

9.26 

Swift's   Pure   Special   Formula   for 
Tobaooo 
Apalaohin 

6962 

4.50 
4.38 

3 
3.06 

550 

5.78 

3.72 

*Ths0skttflra 


>,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Experiment  Station. 


906 


RspORT  or  Analtqbb  of  Samplbb  op  Fbbtiuzbbs  Ck)LLBCTiBo  BT  rax  Coioiis- 

8I0N1IB  OF  AoBicxTi/ruBB  DuBiNO  1015  (contifmed) 


Name  and  Addbess  of  Manufactubbb 
OB  Jobbbb;  Brand  ob  Tbadb  Naiix; 

AND    LOCAUTT    WhEBE    SaMPLE    WAfl 

Taken 

Num- 
ber 

• 

G* 

F* 

G 

F 

G 
F 

G 
F 

Pounds  in  100  Pounds  of 
Febitlizbb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potash 

Swift  &  Co.,   Baltimobe,  Md.    (can- 
duded) 
Swift's   Pure   Special    High   Grade 
Acid  Phosphate 
RomuIuB 

0141 

16 
17.53 

18.79 

Swift's  Pure  Special  Phosphate  and 
Potash 
Canajoharie 

4961 

10 
9.52 

1004 

2 
1  82 

Swift's  Pure  Superphosphate 
Cattaraugus 

5981 

1.65 
1.66 

8 
7.49 

9 
9.25 

2 
2.20 

Swift's  Pure  12-2  Brand 
Cuba 

0213 

12 
11.68 

12  14 

2      • 
2.06 

Syracuse  Rendering  Co.,  Stracube, 
N.Y. 
Syracuse  Animal  Brand,   A  Com- 
plete Fertiliser  for  all  Crops 
Vernon 

6795 

G 

F 

G 
F 

G 
F 

G 

F 

G 
F 

G 
F 

G 
F 

G 

F 

2.46 
2.41 

8 
7.63 

9 

8.81 

3 
3  26 

Syracuse  Ground  Bone 
North  CoUins 

0925 

2.46 
4.14 

23 
21.75 

-    ■  ■  ■ 

Syracuse  Gypi^  Brand 
Trumaiisburg 

Oil 

12 
12.41 

13 
12.95 

2 
1.96 

Syracuse  Indian  Brand  for  Com  and 
Wheat 
Trumansbuig 

09 

1.04 
1.66 

8 
8.36 

9 
9.36 

2 
2.03 

Syracuse  Market  Garden  Manure 
Williamson 

6499 

3.29 
3.33 

8 
8.50 

9 
9  30 

3 
3.24 

Syracuse  Onondaga  Brand 
Brockport 

6481 

0.82 
0.86 

8 
7.82 

9 
8.66 

3 
3.09 

Syracuse  Seneca  Brand 
Niagara  Falls 

0230 

1.24 
1  34 

8 
7.96 

9 
8.96 

3 
3.20 

Syracuse  Special  for  Celery,  Cabbage 
and  Potatoes 
Bainbridge 

6924 

2.05 
2.06 

8 
7.91 

9 
8.95 

3 
3.40 

*  These  letters  indicate,  respectively,  Guaranteed  and  Foimd« 


906 


Report  on  Inspection  Work  of  the 


Rbpobt  of  Analtsbb  of  Samples  of  FbbtClueibs  CJollbctbd  bt  thb  Commb- 

sioNBB  OF  AoBicuLTUBE  DuBiNG  1915  (cofifintied) 


Namb  and  Addbess  of  Manufactubeb 
OB  Jobbxb;  Bbakd  ob  Tbade  Name; 

AMD    LOCALITT    WbXBE    SaMPLB    WAS 

Taken 

Num- 
ber 

G* 
F* 

G 
F 

G 
F 

G 

F 

Pounds  in  100  Pounds  of 
Febhuzeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

Total 

Potadi 

Stbacuse  Rendebing  Co.,  Stbacube, 
N.  Y.  (conduded) 
Syracuse  Superphosphate  for  Oats 
and  Buckwheat 
Afton 

6923 

0.82 
0.92 

7 
6.78 

8 
7.86 

2 
2.16 

Thomas  &  Son  Co.,  I.  P.,  Philadelphia, 
Pa. 
Long  Island  Special 
Southampton 

0594 

3.25 
3.19 

8 
7.54 

8.50 
9 

4 

4.  IS 

Nitrate  of  Soda 
Southampton 

• 

0592 

15 
15.55 

Northport     Farmers    Club     4  8  4 
Fertiliser 
Northport 

6096 

3.29 
3.00 

8 
8.53 

8.50 
9.55 

4 
4.26 

Northport    Farmers    Club    4-10-4 
Fertiliser 
Northport 

6097 

G 

F. 

G 

F 
G 
F 

3.29 
2.86 

10 
10.22 

10.50 
10.83 

4 
3.84 

Northport     Farmers    Club    5-8-4 
Fertiliser 
Northport 

6094 

4.11 
3.86 

8 
9.23 

8.50 
9.91 

4 

4 

Northport     Farmers    Club     6-«-4 
Fertiliser 
Northport 

6095 

4.90 
4.73 

8 
10.18 

8.50 
11.54 

4 
4.75 

Potato  Manure 
St.  James 

6093 

G 

F 

3.25 
3.42 

10 
10.16 

10.50 
12.94 

4 
4.58 

Pure  Ground  Bone 
Northport 

n 

2.46 
2.55 

23 
24.05 

VJI 

fiTIQQ        t^ 

UUtTtf 

X' 

Truck  and  Potato  Manure 
Aquebogue 

0598 

G 
F 

4.10 
4.10 

9 
9.31 

9.50 
10  11 

3 
3  47 

Truckers  High  Grade  Fertilizer 
Calverton 

0577 

G 
F 

3.25 
3.33 

9 
8.82 

9.50 
10 

3 

3.40 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  Yokk  A(iui(ULTi:uAL  Experiment  Station. 


907 


Report  of  Analt^es  of  Samples  of  Febtilizibs  Colucotbd  bt  the  Commis- 
sioner OF  Agriculture  Dtrino  1915  (conHnwd) 


Name  and  Address  of  Manufacturer 
OR  Jobber;  Brand  or  Trade  Name; 
AND  Localitt  Where  Sample  was 
Taken 

i 

Pounds  in  100  Pounds  of 
Fertilizer 

Num- 
ber 

G* 
F* 

G 

F 

G 

F 

G 

F 

G 
F 

G 
F 

G 
F 

G 

F 

G 
F 

G 
F 

G 
F 

G 

F 

Nitro- 
gen 

Phosphoric  acid 

AvaU- 
able 

Total 

Potash 

Thomson  &  Son,   Wm.,  Clovenfords, 
Scotland 
Genuine  Scotch  Soot 
New  York 

0378 

3.61 

Thomson's  Special  Chrysanthemum 
Manure 
New  York 

0369 

4.25 
4.22 

7 
8.80 

10.50 
11.30 

1.50 
3.63 

Thomson's  Vine,   Plant  and  Vege- 
table Manure 
New  York 

0368 

3.25 
3.92 

8.60 
9.11 

11.60 
12.87 

2.50 
5.21 

Thorburn   &  Co.,  J.  M.,  New  York, 
N.Y. 
Thorburn 's  Complete  Manure 
New  York 

0351 

2.47 
2.49 

8 
8.37 

9 
9.87 

3 
3  16 

Thoibum's  Lawn  Fertiliser 
New  York 

0656 

4.11 
4.22 

8 
8.43 

9 
9.57 

3 
3.08 

TuNNELL  &  Co.,  Inc.,  F.  W.,  Phila- 
delphia, Pa. 
Add  Fish  &  Tankage 
Riverhead 

0554 

4.12 
3.75 

6 
6.75 

Cauliflower  Manure 
Riverhead 

0561 

4.12 

4.18 

8 
8.97 

9 
9.61 

4 
4 

F.  W.  Tunnell  &  Co.'s  Truck  and 
Potato  Manura 
Hicksville 

0683 

4.12 
3.59 

10 
8.07 

11 
9.49 

4 
4.23 

General  Manure 
New  Hampton 

0528 

1 
1.28 

8 
8.84 

9 
9.44 

3 
2.21 

Long  Island  Potato  Manure 
Riverhead 

0553 

3.30 
3.11 

8 
8.53 

9 
9.21 

4 
3.57 

Nitrate  of  Soda 
Riverhead 

0555 

14.81 
15.42 

Sweet  Potato  Manure 
Pine  Island 

0521 

1.64 
1.65 

7 
8.48 

8 
10.14 

2 
2.26 

*  lliess  letters  indicate,  respectively,  Guaranteed  and  Found. 


908 


Report  on  Inspection  Work  of  the 


RsFQsr  OP  AHAums  of  fUxKMB  or  "FwrntaoMam  CouMano  nr  tmb  Coiuis- 

aoMiB  or  AonouLnms  Dubino  1915  (eoniimiei) 


NaMS  and  AdDRB88  of  MANITFACrUBJBB 

OB  Jobbbb;  Bband  ob  Tbadb  Name; 

AND    LOCALITT    WhBBB    SaMPIX    WAB 

Taxbn 

Num- 
ber 

Pounds  in  100  Pounds  or 
Fbbtiuxeb 

Nitro- 
gen 

Phosphoric  acid 

Avail- 
able 

1 
Total 

Potash 

TUBCABOBA  FeBTILICBR  Co.,  BAimifOBB^ 

Md. 
High  Grade  Dried  Blood 
Dunkirk 

0028 

G* 
F* 

G 
F 

G 

F 

G 

F 

G 

F 

G 
F 

G 
F 

F 

G 
F 

13.16 
12.67 

Nitrate  of  Soda 
Syraciue 

6903 

14.81 
15.09 

Tuflcarora  Acid  Phosphate 
Syracuse 

6001 



16 
15.28 

1650 
15.48  j 

Tuacarora  Acid  Phoq)hate 
SilvCT  Creek 

0909 

14           14.50 
15.32     15.52 



Tuscarora  Ammoniated  Phosphate 
CinciimatuB 

030 

0.82 
0.76 

7 
7.12 

7.50 
7  56 

1 
154 

Tuscarora  Animal  Bone 
Silver  Creek 

0910 

2.47 
2.45 

22 

24.12 

Tuscarora  Big  4  No.  2 
Cindnnatus 

029 

1.65 
1.77 

7 
7.11 

7.50 
7.75 

3 
2.99 

Tuscarora  Crop  Grower 
Clifton  Springs 

0108 

0.82 
0.95 

8 
7.72 

8.50 
8.50 

2 

2.-20 

. 

10 
10  2S 

2 
2 

Tuscarora  Fruit  and  Potato 
Florida 

0536 

1.65 
1.63 

8 
7.28 

8.50 
8.52 

Tuscarora  Phosphate  and  Potash 
Manlius 

021 

G 
F 

12           12  50 
12.02     12  14 

Tuscarora  Standard 
Clifton  Springs 

0106 

G 
F 

G 
F 

G 
F 

G 
F 

1.65 
1.84 

8 
7.70 

8.50 
9 

Tuscarora  1-0-3 
Palmyra 

0622 

0.82 
0.85 

9 

8.89 

9.50 
9.33 

3 

308 

Tuscarora  2-9-3 
Churchville 

0630 

1.65 
1.67 

9 
8.87 

9  50 
9.31 

3 

3  10 

Tuscarora  3-a-3 
Syracuse 

6004 

2.47 
2.22 

8 
7.68 

8.50 
9 

3 
3.26 

*  These  letters  indicate,  reqiectivelyy  Guaranteed  and  Found. 


New  York  Agricultural  Expekimknt  Stat 


OF  AwALTasa  or  8aicpij»  of  Fibtilicbbs  Colubctbd  bt 
noinnt  of  Aguouitube  Dubino  1016  (continued) 


Namb  and  Addbbss  of  Manttfagtubbb 
OB  Jobbbb;  Bband  ob  Tbaob  Namb; 

AMD    LOCAUTT    WhBBB    SaMPUB    WAS 

Takbn 


TuBCABOBA  Fbbtiliibb  Go.  Bai/itmobb, 
Md.  (conetttdetO 
Tusoarora  4-^-3 
Sflver  Creek 


Pounds  in  10 
Fbbte 


Num- 
ber 


0913 


Tuaearora  &-^-3 
Syracuae 


TuTBiLL,    Nat.    S.,    Pboiosed    Land, 
N.  Y. 
Nitrate  of  Soda 
Mattituck 


Southold  Town  Club  Fertfliier 
Mattituok 


Ttobbt  Co.,  J.  E.,  Philadelphia,  Pa. 
T^rgert's  Great  Advancer  Phosphate 
Riverhead 


6002 


6053 


0562 


Tygert's    Paramount    Potato    and 
Vegetable  Manure 
Cutchogue 


Tygert's   Special   Potato  Fertiliser, 
Revised 
Riverhead 


Umttbd  Febtilizeb  Co.,  Buffalo,  N.  Y. 
Evergreen  Brand  Flower  and  Lawn 
Fertilizer 
Buffalo 


Van  Idbbbtinb  Co.,  The,  Long  Island 
Cmr,  N.  Y. 
Van  Inderstine's  Pure  Ground  Bone 
Long  Island  City 


Vauokan'b   Seed   Stobb,  New  Yobx, 
N.Y. 
Vaui^an's  Bone  Ffeur 
New  York 


6068 


6078 


6067 


6000 


0665 


0373 


Nitre- 
gen 


Phospho 


G* 
F* 


G 

F 


G 
F 


G 
F 


G 
F 


G 
F 


G 
F 


G 

F 


G 
F 


G 
F 


3.29 
3  84 


4.11 
4.10 


16.17 
16.67 


4.10 
3.98 


4.11 
4.29 


2.88 
3.17 


3.29 
3.45 


8 
8.63 


2 
2.09 


3.79 


Avail- 
able 


8 
8.28 


8 
7.66 


10 
9.80 


9 

8.88 


8 
7.77 


8 
7.81 


14.50 


16.98  I  1 


ThMelettfln 


I,  respectively,  Guaranteed  and  Found. 


910 


Report  on  Inspection  Wokk  of  the 


RBfOBT    OF   ANALTaSB   OF   SaUPLES   OF    F^BTILIZEBS   CoLLECTSD   BT    THE    CoMlflK- 

BioNUB  OF  AoBicuLTURE  DuRiNO  1915  (continued) 


PouNDB  IN  100  Poxmre  or 
Fertiuxbb 


NaMB  and  ADDRB88  OF  MaNTTFACTUBBR 

OB  Jobbbb;  Bband  ob  Tbadb  Namb; 

ANB    LoGALtTT    WhBBB    SaMPLB    WAS 

Takbn 

Num- 
ber 

1 

G* 

F* 

Nitro- 
gen 

Phoq>h< 

one  acid 

Avail- 
able 

Total 

Potash 

Vauohan's  Sbbd  Stdbb,  Nbw  Yobk, 
N.  Y.  (eonduded) 
Vftu^um's  Lawn  and  Garden 
New  York 

0372 

2.88 
2.80 

8 
'    8.19 

4 
4  16 

10.09 

Vaughan's  Roee  Grower  Bone  Meal 
New  York 

0371 

G 

F 

3.70 
3.75 

22 
20.85 

Vaugjian's  Sheep  Manure 
New  York 

0370 

G 
F 

G 
F 

2 
2.15 

1.23 

1.20 
1.45 

I 
2.27 

VlBOINIA      CaBOUNA      CHEiaCAL      Co., 

New  Yobk,  N.  Y. 
Nitrate  of  Soda 
Wflliamaon 

6495 

14.82 
15.02 

V.  C.  C.  Go's  Ammoniated  Potash 
Compound 
Skaneateles 

5898 

G 
F 

0.82 
0.96 

8 
8.13 

9 

8.97 

2 
243 

v.  C.  C.  Go's  Beef  BkxKi  and  Bone 
B.  B.  B.  with  3%  Potash 
Phelps 

6585 

G 
F 

3.29 
3.28 

8 
8.22 

9 
9.22 

3 
306 

V.  C.  0.  Go's  Beef  Blood  and  Bone 
B.  B.  B.  with  4%  Potash 
Southampton 

0593 

G 
F 

3.29 
3.31 

8 
8.24 

9 
8.72 

4 
4.63 

V.  G.  G.  Go's  Bone  Meal 
Fredonia 

0914 

G 

F 

2.47 
2.80 

22 
22.05 

V.  G.  G.  Go's  Giant  Alkaline  Phos- 
phate with  2%  Potash 
Springville 

0258 

G 

F 

G 

F 

G 
F 

12 
13.00 

13 
13.81 

2 
2.04 

v.  G.  G.  Go's  Good  Luck  Fertiliier 
Springville 

0256 

0.82 
0.83 

9 
9.90 

10 
10.50 

2 
234 

V.  G.  G.  Go's  Good  Luck  Fertiliser 
Bergen 

0632 

0.82 
0.85 

9 
9.42 

10 
10.42 

2 
2.94 

V.  G.  G.  Go's  Bif^  Grade  Acid 
Phosphate 
Branohport 

0121 

G 
F 

16 
17.66 

17 
18.16 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


New  York  Agricultural  Exi 


or  Analtbbs  or  Samples  or  Fbrtiuzb: 
8I0NSB  or  Agbicultubx  Dxtbing 


Name  and  Address  or  MANurAcruREB 
OB  Jobbbb;  Bband  or  Trade  Name; 

AND    LOCAUTT    WhERE    SaMPLE    WAS 

Takbn 


ViBOiNiA    Carouna    Chemical     Co., 
New  York  N.  Y.  (continued) 
V.  C.  C.  Co's  High  Grade  Com  and 
y^etable    Compound    with 
3%  Potash 
Webster 


V.  C.  C.  Co's  High  Grade  Com  and 
Vegetable    Compound    with 
4%  Potash 
Eastport 


Num- 
ber 


0609 


y.  C.  C.  Go's  Little  Giant  Fertiliser 
with  2%  Potash 
Freeport 


6061 


V.  C.  C.  Go's  Owl  Brand  Potato  and 
Tmck    Fertiliser    with    3% 
Potash 
Skaneateles 


V.  C.  C.  Go's  Plow  Brand  Fertiliser 
Springville 


V.  C.  G.  Go's  Red  Cross  14%  Acid 
Phosphate 
Branchport 


0691 


5899 


0254 


V.  G.  G.  Go's  Rescue  Fertiliser 
Lockport 


V.  G.  G.  Go's  Soluble  Guano 
Skaneateles 


V.  C.  G.  Go's  Special  Cora  and  Grain 
Grower 
Phelps 


0119 


0220 


5897 


V.  G.  G.  Go's  Star  Brand  Potato  and 
Vegetable  Compound  with  3% 
Potash 
Lockport 


6587 


0221 


G 

F 
G 
F 
G 

F 


G 

F 


G 
F 


G 
F 


G 

F 


G 

F 


G 


F 


*  These  letters  indicate,  respectively,  Guaranteed  an 


012 


Report  on  Inspmction  Work  of  the 


Rbfobt  or  Analtbbs  of  Samplea  of  Febtilizbbs  Collbctbd  bt  thb 

sioNXB  OF  AoRicuLTUBB  DuBiNG  1015  {continued) 


Namb  and  AooBBsa  of  Manufactubxb 
OB  Jobbbb;  Bband  or  Trade  Namb; 
AND  Locality  Whbbe  Sample  was 
Taken 


Virginia     Cabouna    Chemical    Co., 
New  York,  N.  Y.  {eaneluded) 
V.   C.   C.   Co'b   Tip    Top    Potash 
Mixture 
SjnixifsviXki 

V.  C.  C.  Go's  Tip  Top  Dresser  with 
3%  Potash 
Prattsburg 


Pounds  in  100  Pounds  of 
Fertilizer 


Phosphoric  acid 


Nitro-'  Avail- 


gen 


V.  C.  C.  Go's  20th  Century  Potato 
Manure  with  3%  Potash 
Harford 


V.  C.  C.  Go's  Universal   Fertilifsr 
for  all  Crops 
Palmvra 


V.  C.  C.  Go's  X  X  X   Fish   and 
Potash 
East  Northport 

Wallace  &  Co.,  B.  F.,  Brooklyn,  N.  Y. 
Natural  Humus 
Brooklyn 


The  Natural  Humus  Soil  Builder 
Rochester 


Weeber  &  Don,  New  York,  N.  Y. 
Nitro  Humus  for  Lawns  and  Plants 
New  York 

Whann  Co.,  W.  E.,  Philadelphia,  Pa. 
Whann's    Chester    Valley    Special, 
Pojbato  Manure  | 

New  York 


G* 

0257 

F* 
G 

5.76 

0410 

F 
G 

5.42 

4.12 

6978 

F 
G 

3.96 

0  82 

6485 

F 
G 

1.04 

1.65 

0801 

F 

G 
F 

G 
F 

G 
F 

1.88 

0654 

2.92 
1.07 

0439 

1.55 
1.59 

6081 

2  10 
1.48 

able 


Total 


16 
17.36 


6.24 


8.38 


9 
9.71 


8 


17 
17.90 


Potadi 


6 
7.12 


9 

8.82 


10 
10.38 


9 


Wilcox  Fertilizer  Co.,  The,  Mystic, 
Conn. 
Pure  Ground  Bone 
Greenport 


0667 


G 
F 


0567 


3.29 
3.37 


8.44 


G 
F 


2.46 
2.73 


9 
9.96 


22 
23.90 


*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 


2.58 


3.10 


3  34 


3.08 


8.46 

9.32 

2. -24 

0.43 
0.30 

0.53 
0.25 

0.44 

0.40 
0.48 

0.20 
0  12 

1.10 
0.27 

0.51 
0.14 

0.32 

4 
4.10 
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RwoBT  OF  Analtbbb  OF  Samplbs  of  Fertilizibb  Collected  bt  the  Coioas- 

BiONBB  OF  AoBiGUimiBB  DuBiHQ  1915  (continued) 


• 

Namb  and  Addbbbb  of  Manufactuber 
OB  Jobbbb;  Bband  ob  Tbadb  Name; 

AND    LOCAUTT    WhBBE    SaMPLB    WAB 
XAnw 

Num- 
ber 

G* 
F* 

G 
F 

G 

F 

G 

F 

G 
F 

G 
F 

G 
F 

G 
F 

Pounds  in  100  Pounds  of 
Febtiuzer 

Nitro- 
gen 

Phosphoric  acid 

X.  JkMUmri 

Avail- 
able 

Total 

Potash 

WiLOox  Febtiuzbb  Co.,  The,  Mtbtxc, 
Conn,  (conduded) 

2.46 
2.41 

10 
10.24 

11 
12.80 

OriAnf                                                           A/vrn 

v/riviiv 

\nf§  o 

Wiloox  Fish  and  Potash 
MatUtuck 

0564 

2  40 
2.55 

5 
6.49 

6 
7.91 

3 
3.45 

WUcox    Long   Island   Dry   Ground 
Fish                                          ' 

8.24 
8.82 

4 
6.04 

6 
7.10 

\jrrwufmr  v 

yju^tc* 

Wilcox  Potato  Manure 
Eafltport 

G0G2 

2.05 

2.06 

6 

7.25 

7 
9.60 

3.50 
3.68 

Wilcox  Potato,  Onion  and  Vegetable 
Phosphate 
Mattituck 

0563 

3.30 
3.40 

8 
9.20 

9 
10.28 

3.50 
4.39 

WiLK,  John,  New  York,  N.  Y. 
Pulverised  Sheep  Manure 
New  York 

6080 

2  25 
2.15 

1 
2.26 

1.25 
2.40 

1.50 
2.37 

WiTHXBBBE,      ShEBUAN      &     Co.,     POBT 

Henbt,  N.  Y. 
Barium-Phosphate                             i 

Pnrt  TTAnrv                                              i   no  CO 



14 
16.25 

X  ui*  xivury 

yjouu 

WooDBUFF    &    Sons,    S.    D.,    Ohanoe, 
Conn. 

Woodruff's  Home  Mixture  Fertiliser 
New  York 

0651 

4 

3. as 

8 
8.71 

4 
5.55 

9.73 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found 
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Report  on  Inspection  Work  of  the 


RaroBT  OF  Amaltbbs  oy  8aiift.»h  of  Fbbtilicsbs  Collbctbd  bt  ths  OomiiBaii 

OP  AoBiciTiAiTBB  DuBma  1915  (oonHnuei) 

Laa  €k>icPOTnn>8 


Namb    and   Address   of  Manvfacturxb  or 
Jobber;    Brand    or    Trade    Name;    and 
LocAUTT  Where  Sample  was  Taken 

Num- 
ber 

G* 
F* 

G 
F 

G 
F 

G 
F 

G 
F 

G 

F 

G 
F 

Calcium 
oxide 

Magnwdiim 
oxide 

No  Name  Given 

Ground  Jjimestone 
Hemlock 

0437 

1 

48.60 

3  40 

American  AaRicuLTiniAL  Chemical  Co.,  New 
Yore,  N.  Y. 
Fine  Ground  Nova  Scotia  Plaster 
Whitney  Point 

060 

32  95 
38.72 

_ . 
043 

American  Hard  Wall  Plaster  Co.,  Syracuse, 
N.  Y. 
Ground  Lime  Stone 
Kings  Park 

0605 

50 
52  96 

3  80 

American  Lime  &  Stone  Co.,  Ttbone,  Pa. 
Hydra-Oxide  of  Tiime 
Canisteo 

0434 

66.75 
68  22 

3  07 

Hydra-Oxide  of  Lime 
Portville 

0943 

f 

64.22 

3  75 

Baxer  Co.,  J.  E.,  Bainbridoe,  Pa. 
Victor  Ground  Limestone 
Nunda 

6677 

47 
49.98 

400 

1 

Ballard  Co.,  J.  W.,  Binghamton,  N.  Y. 
Agricultural  Tiime 
New  York 

0525 

1 

1 

36.16 

28  35 

Caledonia  Chemical  Co.,  Caledonia,  N.  Y. 
Better  Farming  Lime 
Caledonia 

6479 

G 
F 

50 
54  36 

1.70 

Wood  Ashes  Substitute 
Caledonia 

6478 

G 
F 

G 

F 

G 
F 

40 
42.76 

1  23 

CoNLET  Lime  A  Fbrtiuzer  Co.,  F.  E.,  Utica, 
N.  Y. 
Raw  Ground  Lime 
Oxford 

6915 

51.50 
51.50 

1.29 

Corson.  G.  &  W.  H.,  Plymouth  Meeting,  Pa. 
Corson's  Prepared  Lime 
New  Hyde  Park 

0699 

42 
43.20 

29.06 

*  These  letters  indicate,  respectivdy,  Guaranteed  and  Found. 
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Report  of  Analtbeb  of  Samples  of  Febtiuzxbb  Collected  bt  the  Commit- 

8TOITBR  OF  AGRICULTURE  DuRiNo  1915  (continued) 

Lime  Compounds  (continued) 


Name    and   Address  of   Manufacturer    or 
Jobber;     Brand     or    Trade    Name;    and 
LocALiTT  Where  Sample  was  Taken 

Num- 
ber 

G* 
F* 

G 
F 

G 
F 

• 

Calcium 
oxide 

Magnesium 
oxide 

Dutchess  County  Limb  Co.,  Dover  Plains, 
N.  Y. 
Hydra-Oxide  of  Tame 
Dover  Plains 

4830 

42 
49.14 

29.99 

Edison  Pulverized  Limestone  Co.,  Stewarts- 

VILLE,  N.  J. 
Edison  Pulverized  Limestone 
Homer 

6200 

50 
49.06 

2.31 

Farnam  Cheshire  Lime  Co.,  Farnam,  Mass. 
Famam   Cheshire   Lime  Co's  Agricultural 
Lime 
Gardner 

0531 

60 
60.36 

0.79 

Haserot  Canneries  Co.,  The,  Cleveland,  0. 
Horse  Head  Lime 
Brocton 

0246 

G 
F 

G 
F 

G 
F 

G 
F 

G 
F 

54.72 
52.98 

1.82 

intbrnationaii    agricultural    corporation, 
Caledonia  Marl  Branch,  Caledonia, 
N.  Y. 
IJme  Carbonate 
Caledonia 

6480 

50 
56.32 

• 

1.77 

Kellet  Island  Lime  A  Transport  Co.,  Cleve- 
land, 0. 
Tiger  Brand  Hydrated  Agricultural  Tiime 
Cohocton 

0149 

54 
54.74 

21.41 

Lanodon  &  Co.,  J.,  Elmira,  N.  Y. 

vrrounu  Juimesione 
Alfred 

0941 

47.64 

Ls  Rot  Limb  Works  &  Stone  Quarries,  Le 
Rot,  N.  Y. 
Le  Roy  Agricultural  Ground  Lump  Lime 
Eariville 

6951 

60.98 

5.79 

Ohio  &  Western  Limb  Co.,  The,  Huntinoton, 
Ind. 
Ground  Quick  Agricultural  Lime 
Andover 

0942 

G 
F 

G 
F 

54.46 
54.04 

36.16 

Pauibb,  Lowbll  M.,  York,  Pa. 
ChaUenge  Brand  Hydrated  Lime 
ffioksville 

0682 

70 
71.22 

2.22 

These  letters  indicate,  respectively,  Guaranteed  and  Found. 
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I?!  PORT  ON  1n.siM':<.tion  Work. 


Report  of  Analyses  of  Samples  of  Febtilizebs  Gollectkd  bt  the  CoMmi- 

8IONER  of  AaRicuLTURFi  DuRiNG  1915  (coftduded) 

Lime  Compounds  {concluded) 


Name   and   Addbbbs   of    Manufacturer    or 
Jobber;    Brand    or     Trade     Name;    and 
LoGALiTT  Where  Sample   was  Taken 

Num- 
ber 

G* 
F* 

Calcium 
oxide 

MagneBBB 
osde 

Rock  Cut  Stone  Co.,  Syracuse,  N.  Y. 
Ground  limestone 
Syracuse 

6176 

38.84 

Rockland  &  Rockport  Limb  Co.,  Rockland, 
Mb. 
R.  R.  Land  Lime 
Center  Village 

0398 

G 
F 

G 

F 

G 
F 

G 
F 

G 
F 

60 
62.60 

13.77 

Security  Cement  and  Limb  Co.,  Haoerstown, 
Md. 
Berkeley  Ground  Lime 
Sinclairville 

0915 

90 

89.48 

209 

Berkeley  Uydrated  T^ime 
Springville 

5989 

72 
73.04 

2m 

Ground  Limestone 
Wallace 

0401 

44 
49.24 

36« 

Solvay  Process  Co.,  The,  Syracuse,  N.  Y. 
Solvay  Pulverised  limestone 
Burdett 

0426 

50.40 
48.34 

3  18 

Worlock  Stone  Co.,  Canastota,  N.  Y. 
Raw  Ground  Diamond  A  Brand  Lime 
Cato 

0425 

G 
F 

54.50 
52.48 

1  84 

Containing  Lime  Compounds 


Name  and  Address  op  Manu- 

FACTURER    OR    JOBBER,*     BrAND 

OR  Trade  Name;  andLocauty 
Where  Sample  was  Taken 

Num- 
ber 

Total 
phos- 
phoric 
acid 

Potash 

Calcium 
oxide 

CoNLEY  Lime  &  Fbrttliker  Co., 
F.  E.,  Utica,  N.  Y. 
Eureka 
Eaton 

054 

F* 

8 
8.65 

5 

5.53      1 

40 
42.52 

*  These  letters  indicate,  respectively,  Guaranteed  and  Found. 
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POPULAR  BULLETIN  REPRINTS 


PURITY  OF  FARM  SEEDS  IN  1914.* 

F.  H.  HALL. 

In  1912  more  than  one-fifth  of  the  sample 

Gradual       cultural  seeds  inspected  in  New  York  Stat 

in^rovement  violation  of  the  law;  in  1913,  less  than  one-s 

oondenmed;  and  in  1914  the  proportion  had 
to  a  little  over  one-tenth.    This  indicates  considerable  impi 
in  seed-trade  conditions  generally,  though  a  change  in  the       i 
the  "  count "  method  of  determining  the  percentage  of  imj 
the  "  weight "  method  is  responsible  for  some  of  the  c    i 
between  1913  and  1914,  but  probably  for  only  a  small  pai 
gain.    Seeds  were  undoubtedly  purer,  as  a  general  rule, 
than  in  1913;  yet  in  some  instances  full  advantage  was  ta    i 
weak  point  in  the  law,  to  market  seeds  that  could  not  be  sc 
in  some  adjoining  states. 

The  law  does  not  require  guaranty  of  a  cert 
Law  not  a  sure  centage  of  good  seeds,  but  that  the  goods  s*    : 
protection,     not  contain  more  than  a  certain  proportioi 

ct.  by  weight)  of  "  foul  or  foreign  seeds,"  unl  • 
fact  be  plainly  stated.  Th^  allows  the  unscrupulous  dealer  tc  i 
as  much  sand,  and  other  rubbish  not  seeds,  as  he  thhiks  th 
will  overlook,  and  also  to  include  an  indefinite  quantity  of  o 
seeds  of  the  same  kind  as  the  sample;  for  these  impurities  ; 
"  foul  or  foreign  seeds."  Neither  does  the  law  demand  free*  : 
even  comparative  freedom,  from  weed  seeds,  even  those  of  o  i 
troublesome  or  dangerous  pests. 

In  consequence  of  these  unfortunate  deficiencies  in  the  i 
samples  of  the  303  examined  were  found  by  Station  analyst 
composed  mainly  of  brown,  dead  and  shriveled  seeds,  6  wer 
infested  with  dodder,  2  contained  bull  thistle  seeds,  2  ! 
thistle  seeds,  5  considerable  mustard  seed  and  125  varying  a  i 
of  seeds  of  other  weeds  classed  as  noxious.  Of  these  impurit  i 
quality  or  quantity  was  such  that  57  of  the  seed  samples  we  ' 
sidered  of  questionable  value  for  seeding,  26  objectionable 

*  A  reprint  of  Popular  Edition  of  Bulletin  3i)4,  January,  1915;  for  complet  i 

p.  GOO. 
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920        PopuLAK  Editions  of  Station  BullktixXs  of  the 

absolutely  worthless.  Twenty-three  of  the  samples  contained  con- 
siderable amounts  of  chaffy  and  10  were  very  dirty,  being  uncleaned 
seed.  Only  a  trifle  over  one-third  of  the  samples  were  classified  as 
"  good  "  in  quality,  the  others  not  referred  to  above  being  regarded 
as  only  average  in  grade. 

Surprisingly,  the  great  majority  of  the  33  violations  of  the  law  were 
really  much  better  seeds,  from  the  farmer's  standpoint,  than  many  of 
those  that  had  to  be  passed.  These  violations  were  due  to  finding  in 
alsike  clover  seed  samples  more  than  3  per  ct.  of  white  clover  and 
timothy  seeds  —  foreign  seeds  present  through  growth  of  the  other 
two  forage  crops  in  the  fields  of  alsike.  The  three  kinds  of  seed  are 
so  similar  in  size,  shape  and  weight  that  their  separation  is  practically 
impossible. 

Several  of  the  alfalfa  samples  were  evidently  of  conmiercial  Turk- 
estan alfalfa,  showing  by  their  gray  or  whitish  color  the  coating  of 
very  fine  clay  which  characterizes  seeds  from  that  region.  This 
commercial  Turkestan  alfalfa  is  not  as  desirable  as  American-grown 
strains  of  this  plant. 

Much  of  this  commercial  Turkestan  alfalfa  seed  is  now  stored  in 
America;  and  this  old  seed  —  somewhat  inferior  even  when  fresh  — 
will  undoubtedly  be  placed  on  the  market  during  the  coming  season 
to  meet  the  demand,  since  the  war  has  stopped  the  importation  of 
fresh  supplies. 

Dodder-infested  alfalfa-seed  will  also  be  forced  on  the  market 
without  doubt;  and  half  the  samples  of  alfalfa  seed  being  received 
at  date  of  this  writing  (February  20,  1915)  show  presence  of  this  very 
undesirable  pest. 

The  law  requires  no  notice  of  the  presence  of  such  impurities  unless 
they  exceed  three  per  ct.;  and  even  oue-half  of  one  per  ct.  of 
dodder  might  so  infest  an  alfalfa  field  as  to  make  it  valueless. 

The  purchaser  of  seeds  must,  therefore,  cither  rely  upon  his  on^ii 
judgment  as  to  the  presence  of  seeds  of  harmful  weeds  or  must  have 
a  purity  test  made. 

In  addition  to  the  303  official  samples,  the  Station 
Voluntary      also  examined  during  1914  nearly  four  times  as  many 

purity  tests,    samples,    1,155,    sent   in   by   correspondents,    and 

reported  on  their  purity.  Here,  as  in  the  official 
samples,  the  marketing  of  Turkestan  alfalfa  seed  in  considerable 
quantity  w£ts  indicated;  as  one-sixth  of  the  samples  contained  seeds 
of  Russian  knapweed,  and  others  showed  by  the  gray  color  of  the 
alfalfa  seeds  that  they  had  grown  on  the  dusty  plains  of  Turkestan, 
Dodder  seed  was  less  common  in  1914  samples  than  in  those  of  1913, 
but  as  indicated  above,  there  is  great  danger  that  dodder-infested 
seed  will  again  be  common  in  1915. 

The  examinations  of  1914  did  not  bring  to  light  the  seeds  of  any 
esi)ecially  notewortliy  new  weeds;  but  added  considerably  to  the 
number  of  less  importance  that  are  coming  into  the  State  through 
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crop  seeds.  In  the  siunples  examined  in  1913  and  1914,  seeds  of  155 
weeds  or  noxious  plants  were  found  while  16  kinds  of  crop  seeds  were 
present  in  samples  where  they  were  classed  as  foreign  seeds.  In  the 
complete  edition  of  which  this  is  a  "  popular  edition  "  a  table  gives 
a  list  of  these  impurities,  with  the  number  of  times  they  were  found 
in  each  kind  of  crop  seed  examined. 

These  purity  examinations  of  samples  sent  in  by 

Sampling  and  individuals  seem  so  helpful,  and  so  necessary  as  a 

sending  seeds,  supplement  to  the  official  determinations,  that  the 

station  will  continue,  until  the  demands  overtax  its 
facilities,  to  make  examinations  of  samples  for  farmers  who  wish  to 
sow  only  pure  seed.  Certain  conditions  are  essential,  however,  if  the 
samples  are  to  furnish  reliable  information. 

First,  the  sample  mast  be  large  enough  to  represent  fairly  the 
quantity  of  seed  from  which  it  is  taken.  This  means  at  least  two 
ounces  for  the  larger  seeds,  like  alfalfa,  the  clovers,  millet  and  rape, 
and  at  least  one  ounce  for  grass  seeds. 

Second,  the  sample  should  be  taken  from  lots  from  which  the 
dealer  threes  to  supply  the  pm'chaser*s  needs  after  the  report  of  the 
analysis  has  been  received.  The  small  packets  or  samples  sometimes 
furnished  by  dealers  are  frequently  taken  from  seed  specially  cleaned 
for  advertising  purposes;  and  examination  of  them  serves  to  delude 
rather  than  to  enlighten  the  sender. 

Third,  in  taking  samples,  the  bulk  of  seed  should  be  thoroughly 
mixed,  or  small  quantities  should  be  taken  from  top,  middle  and 
bottom  of  the  bag  or  other  container  and  mixed  before  taking  out 
the  amount  to  be  sent  to  the  Station. 

Fourth,  the  sample  should  be  sealed  in  a  stronj;,  tight  packnge 
that  will  not  be  easily  broken  in  the  mail;  and  marked  plainly  with 
the  name  and  address  of  the  sender.  It  is  not  sufficient  to  send  an 
unmaiked  package  with  a  separate  letter  describing  its  contents, 
as  the  Station  may  receive  a  score  of  seed  samples  in  a  single  mail. 

If  these  conditions  are  compUed  with,  the  Station  will  examine 
the  samples  as  promptly  as  possible,  usually  within  tv/o  days,  and 
report  to  the  sender  at  once,  giving  the  percentage  of  pure  seed, 
percentage  of  rubbish  and  percentage  of  other  seeds,  with  an  indica- 
tion of  the  kind  and  quantity  of  specially  undesirable  weed  seeds 
present.  A  statement  is  also  usually  made  as  to  the  general  quality 
of  the  seed;  but  the  Station  does  not  make  germination  tests.  It 
must  be  thoroughly  understood  that  these  examinations  will  be  made 
for  fanners  only,  or  for  other  intending  purchasers  of  seed  for  farm 
use.  The  Station  can  not  and  will  not  knowingly  examine  seeds 
for  dealers  or  others  who  wish  to  know  their  quality  for  purposes 
of  sale,  or  for  labeling  under  the  law. 


PRUNING  WOUNDS  NEED  NO  PROTECTION.* 

F.  H.  HALL. 

Rarely  do  experiments  in  agriculture  disprove  (xxn- 
Uncovered     monly  accepted  beliefs;  but  this  has  been  the  result 
pmning       from  a  four-year  investigation  at  this  Station  on  the 
wounds  heal   effect  of  various  protective  materials  on  the  wounds 
quickest.       of  fruit  trees  due  to  pruning.    Though  many  ma- 
terials were  used  in  the  test  none  was  found  to  be 
of  benefit;  for  in  every  case  untreated  wounds  made  as  good  reoov^y 
as  those  covered.    In  nearly  all  instances  the  supposedly  helpful  cov- 
ering injured  the  exposed  tissues  and  retarded  healing;  the  mechani- 
cal exclusion  of  the  germs  of  plant  diseases  by  impervious  coverings 
and  the  destruction  of  these  germs  by  preservatives  and  disinfectants 
proved  without  value;  while  wounds  kept  from  drying  out  by  some 
protective  material  healed  no  more  rapidly  than  those  left  open  to 
the  air. 

Paints  made  from  white  lead,  white  zinc  and  yellow 

Some         ochre  were  used  in  the  test,  as  well  as  coal  tar  and 

coverings      avenarius  carbolineum  which  are  preservatives  and 

injurious,      disinfectants,  and  shellac  which  forms  an  impervious 

coating  over  the  wounds.  In  different  tests  extend- 
ing over  four  years  these  materials  were  applied,  both  immediately 
following  pruning  and  after  a  delay  of  six  weeks  to  allow  some  drying 
of  the  smtace,  to  considerable  numbers  of  large  and  small  wounds  <rf 
young  and  old  apple  trees  pnmed  in  the  winter  and  in  the  sprii\g; 
and  the  action  of  the  same  materials  on  the  smaller  wounds  of 
winter-pruned  peach  trees  was  under  observation  for  three  years. 

In  no  case  was  there  benefit  from  the  use  of  any  of  the  coverings. 
On  peach  all  were  so  harmful  that  it  may  be  safely  said  no  covering 
should  ever  be  used  on  trees  of  this,  or,  presumably,  of  any  stone 
fruit.  The  injury  from  shellac  was  only  slight.  On  the  apple  the 
avenarius  carbolineimi  was  very  harmful,  the  yellow  ochre  paint 
retarded  healing  noticeably  and  destroyed  some  tissue,  the  white 
lead  and  white  zinc  were  less  injurious  and  the  shellac  did  httle  <»* 
no  harm  but  no  good. 

The  series  of  careful,  long  continued  comparisons 
Conclusion,  and  observations  indicates  unmistakably  that  prun- 
ing wounds  on  peaches  and  other  stone  fruits  should 
never  be  treated  with  so-called  "  protective  "  covering  materials, 
since  their  use  is  decidedly  harmful.  On  the  apple  and  other  pome 
fruits  there  can  be  no  gain  from  treating  small  wounds  at  least,  with 
considerable  liability  to  haxm.  On  very  large  wounds  which  heal 
only  after  several  years  or  not  at  all,  it  is  possible  that  some  pro- 
tection of  the  wound  may  be  useful  by  keeping  out  disease  germs, 
but  of  this  the  experiments  give  no  proof. 

*  A  reprint  of  Popular  Edition  of  Bulletin  No.  396,  February,  1915;  for  complete 
edition  see  p.  .506. 
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LIME-SULPHUR  INJURIOUS  TO  POTATO! 


Conditions 

prevent 

desired 

test. 


F.  H.  HALL. 

For  four  years  the  Station  has  failed  to       i 
proof  that  lime-sulphur  will  or  will  not  pi     i 
potato  diseases.    In  three  seasons  practical 
blight  appeared  on  the  test  fields,  and  in  the  1 
year  it  appeared  so  late  that  many  of  the 
sulphur  sprayed  plants  were  ab*eady  dead  froi    ' 
effects  of  the  spray  mixture. 

To  know  the  effect  of  lime-sulphur  on  the  dii    i 
Lime-sulphur  is  very  desirable,  and  the  experiments  will  be    i 
not  a  good     tinned  with  that  object  in  view;  but  we  have  le    i 
remedy.       already  that  this  material  is  not  to  be  recommc    : 
for  use  on  potatoes  because  of  its  harmful  effe 
the  plants  themselves.    In  1911,  as  recorded  in  Bulletin  No.    i 
Ume-sulphur  dwarfed  the  potato  plants  and  reduced  the  yie 
bushels  to  the  acre  below  that  on  check  rows  not  sprayed;  a    I 
1912  (Bulletin   No.  352)  it  dwarfed  the  plants  so  that  they 
very  early  and  produced  111?  bushels  less  marketable  potato 
the  acre  than  those  on  bordeaux-sprayed  rows. 

In  tests  reported  in  the  present  bulletin  no  late  blight  appi  i 
in  either  1913  or  1914,  but  lime-sulphur  aggravated  the  effe  ; 
tipbum,  dwarfed  the  plants,  shortened  the  period  of  growth  i 
reduced  the  yield  each  season.  In  1913  early  frost  killed  the  pi  i 
on  much  of  the  experimental  area  when  the  bordeaux-spri  » 
rows  were  still  growing  luxuriantly  though  many  of  the  lime-sulj  : 
sprayed  plants  had  been  dead  from  two  to  three  weeks.  This  1  • 
lessened  the  contrast  between  the  treatments,  but  the  lime-sul]  : 
rows  produced  about  25  bushels  less  to  the  acre  than  the  check  ri  i 
while  those  sprayed  with  bordeaux  gave  almost  20  bushels  more  t  i 
the  checks.  In  1914,  bordeaux  sprajring  increased  the  yield  I 
bushels  to  the  acre  and  lime-sulphur  spraying  decreased  it  16  bus!  : 
Of  six  reports  from  other  investigators,  only  one,  based  on  a  sii  | 
runfiJl  test,  gives  as  great  an  increase  from  the  lime-sulphur  as  fi : 
bordeaux  mixture,  while  five  show  unfavorable  results  from  the  : 
of  lime-sulphur  similar  to  those  in  our  tests. 
Lime-sulphur  is  not  a  good  spray  mixture  for  potatoes. 

*^X  reprint  of  Popular  Edition  of  Bulletin  No.  397,  February,  1015;  for  compl 

edition  see  p.  291. 
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DO  LOW  SCORES  ALWAYS  MEAN  POOR  MILK  ?  * 

F.  H.  HALL. 

Good  milk  is  one  of  the  best  and  usually  one  of 

Milk  the  cheapest  of  man's  foods.    It  may  become,  on 

quality  the  other  hand,  more  easily  than  almost  any  other, 

more  than       a  most  unsatisfactory  article  of  diet  and  a  menace 

composition,      to  health.    Knowledge  of  these  facts  has  brought 

forward  many  laws  and  regulations  to  prevent 
the  sale  of  adulterated  milk  or  of  milk  that  is  unsanitary.  To 
detect  adulteration  certain  physical  and  chemical  tests  have  been 
found  very  eflfective;  but  we  are  poorly  supplied  with  accurate  work- 
able guides  to  quality  —  simple,  rapid  tests  or  examinations  that  will 
tell  us  quickly  whether  milk  is  dirty,  is  liable  to  develop  impleasant 
tastes  or  odors,  or  whether  it  contains  disease  germs  that  may  pro- 
duce severe  or  fatal  illness. 

Students  of  dairying  found,  years  ago,  that  some 
Score  cards      of  these  undesirable  contaminations  of  milk  are 
do  not  show     influenced  more  or  less  directly   by  stable  con- 
quality  ditions,  by  the  care  of  the  herd  in  and  out  of  the 
of  milk.         stalls,  and  by  the  methods  of  handling  the  milk 

on  its  way  from  the  cow  to  the  customer.  But 
neither  then  nor  since  have  suflSciently  comprehensive,  accurate 
studies  been  made  to  prove  definitely  how  much  conditions  or  methods 
change  milk  (juality. 

To  serve  as  a  guide  in  comparison  of  dairies  and  dairy  methods, 
to  present  in  concrete  form  the  conditions  in  the  ideal  dairy,  and 
to  indicate  readily  what  changes  should  be  made  in  poorly  designed 
stables  and  in  unsatisfactory  methods  of  milk  handling,  teachers 
of  daiiying  and  others  interested  devised  score  cards  which  gave 
to  each  of  many  conditions  or  factors  a  numerical  value.  These 
values  were  largely  arbitrary  and  varied  according  to  the  judgment  of 
the  card-maker  as  to  the  importance  of  the  factor  in  producing  clean 
milk.    Needless  to  say,  the  various  cards  now  in  use  diflfer  greatly. 

*  A  reprint  of  Popular  Edition  of  Bulletin  No.  398,  March,  1915,*  for  complete 
edition  see  p.  12o. 
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As  a  oonv«ni6(Qce  in  maloDg  compariioxM,  ^ther 

New  use  for     in  the  same  dairy  at  different  times,  or  between 

score  cards,      different  dairies,  the  cards  proved  very  useful  and 

they  soon  became  known  to  all  students  of  dairy- 
ing and  dairy  inspectors.  Their  common  use  as  a  guide  in  checking 
up  conditions  gradually  led  to  a  belief  that  the  cards  really  measure 
the  effect  of  these  conditions  on  the  milk  —  a  function  not  at  all 
in  the  minds  of  those  who  first  designed  the  system  of  scoring.  But 
with  the  increasing  demand  for  pure  market  milk  and  with  the 
absence  of  ready,  reliable  measures  of  milk  quaUty,  the  cards  acquire 
the  reputation  of  indexes  to  quality;  and  in  some  cases,  indeed, 
they  have  been  officially  adopted  as  the  one  means  of  distinguishing 
between  good  milk  and  poor  milk.  That  is,  in  some  markets,  the 
product  of  any  diary  that  does  not  score  above  a  certain  mark  on  a 
certain  card  is  excluded  from  sale  or  given  a  low  grade. 

Is  this  use  of  dairy  score  cards  justified?  Investigations  made 
at  this  Station  prove  that  it  is  not. 

In  the  first  place,  the  cards  now  in  common  use 

Cards  in  this  State  do  not  agree,  either  in  the  number 

disagree.        of  factors  to  be  considered  or  the  relative  weight 

they  give  to  those  used.  In  consequence,  the 
use  of  different  cards,  simultaneously,  in  scoring  a  series  of  dairies 
results  in  very  dissimilar  ranking  of  the  milk  produced  by  the  various 
herds;  and  some  cards  might  exclude  from  market,  milk  well  above 
the  limit  by  the  scoring  of  other  cards. 

This  was  shown  very  plainly  when  thirty-four  dairies  burnishing 
milk  to  a  small  city  were  scored  by  one  of  the  Station  bacteriologists, 
using  three  different  cards  for  each  dairy.  These  cards  were:  (1) 
that  adopted  by  the  Health  Department  of  New  York  CSty;  (2)  the 
"  Official  "  card  used  by  the  Dairy  Division  of  the  U.  S.  Department 
of  Agriculture,  endorsed  by  the  Official  Dairy  Instructors'  Associa- 
tion and  adopted  with  slight  modification  by  the  New  York  State 
Board  of  Health;  and  (3)  the  card  used  by  the  Dairy  Department 
of  the  New  York  State  College  of  Agriculture,  known  as  the  Cornell 
card. 

Before  making  these  scorings  the  investigator  famiUarized  himself 
thoroughly  with  the  method  of  use  of  each  of  the  cards,  by  scoring 
many  dairies  by  each  system  when  accompanied  by  one  who  was 
accustomed  to  the  use  of  the  particular  card. 

The  results  are  best  conveyed  in  the  form  of  a  diagram  (pages  6 
and  7)  which  shows  the  rank  of  each  dairy  on  the  three  cards. 
The  horizontal  lines  in  this  graph  represent  the  average  minimum 
score  for  each  grade  of  milk  established  by  the  regulations  of  the 
New  York  State  and  New  York  City  Boards  of  Health. 

It  is  evident  from  this  graph  that  the  Cornell  card  is  the  most 
Unient.  This  is  shown  by  the  fact  that  of  the  34  dairies,  the  total 
scores  of  29  were  high  enough  to  entitle  them  to  produce  Grade  A  or 
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Grade  B  milk;  while  aooordiiig  to  the  soores  on  the  Official  card  only 
16  dairies  were  entitled  to  this  privilege,  and  only  5  according  to  the 
scores  on  the  New  York  City  card.  The  Cornell  card  rates  only  5 
dairies  as  Grade  C,  while  18  are  thus  rated  on  the  Official  card  and 

14  on  the  New  York  City  card.  None  of  the  dairies  scored  below 
the  exclusion  point  on  either  the  Cornell  or  the  Official  card,  while 

15  dairies  scored  below  this  point  on  the  New  York  City  card. 

It  is  further  evident  that  there  is  little  agreement  betwe^i  the 
scores  obtained  by  the  three  csuxls  when  applied  to  the  same  con- 
ditions. In  this  investigation,  however,  there  was  an  agreement 
among  the  three  cards  as  to  the  three  dairies  which  would  be  con- 
sidered the  best  from  the  standpoint  of  scores.  These  dairies  occu- 
pied the  same  relative  position  on  each  card.  Beyond  this  ihe^ 
were  instances  of  wide  variations.  The  scores  obtained  by  the  Official 
card  and  the  Cornell  card  agreed  as  to  the  poorest  scoring  dairy, 
while  there  was  a  sUght  variation  in  the  rating  of  this  particular 
dairy  on  the  New  York  City  card.  As  will  be  seen  from  the  graph, 
however,  the  variations  between  the  scores  on  the  Official  card  and 
the  Cornell  card  are  not  so  great  as  between  the  New  York  City 
card  and  either  of  the  other  two.  The  greatest  variation  found  is 
in  the  case  of  Farm  27  which  scores  at  the  foot  of  the  Ust  on  the  New 
York  City  card  but  scores  32  points  higher  on  the  Official  card, 
rating  fifth  from  the  top,  while  the  score  on  the  Cornell  card  is  5.4 
points  higher  than  that  of  the  Official  card  and  is  37.4  points  higher 
than  the  New  York  City  card,  and  rates  thirteenth  from  the  top. 

It  should  be  kept  in  mind  that  these  comparative  scores  are  dis- 
cussed in  this  paper  with  reference  to  the  interpretation  gained  by 
the  investigator  while  working  with  inspectors  trained  in  the  applica- 
tion of  the  respective  cards.  Since  different  interpretations  exist, 
it  is  quite  probable  that  other  systems  of  cuts  than  those  used  would 
give  somewhat  different  results.  It  may  be  that  both  the  New  York 
City  and  Official  cards  could  be  so  interpreted  that  the  r^ults 
secured  would  compare  closely.  This  tendency  to  vary  the  inter- 
pretations put  upon  the  cards  is  one  of  the  weaknesses  of  all  of  the 
present  score  cards  as  a  means  of  grading  milk,  which  has  been 
generaUy  recognized. 

These  disagreements  are  sufficient  to  cast  con- 
Scores  and      siderable  doubt  on  the  reliability  of  score  cards 
quality.         as  indexes   to  milk  quality;  but  the   "  break- 
down "  test  comes  when  the  ratings  given  by  the 
cards  are  compared  with  the  quality  of  the  milk  as  far  as  this  Ls 
indicated  by  bacteriological  counts. 

Accompanying  the  scoring  of  these  dairies,  samples  of  the  milk 

t)roduced  in  each  were  taken  daily,  for  varying  leaagths  of  time,  at 
east  one  week,  usually  of  both  ni^t  and  morning  mUk,  as  delivered 
at  the  distributii^;  stations  of  the  two  companies  that  supply  nciost 
of  the  milk  used  in  the  city. 
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The  difficulties  which  beset  an  investigation  which  attempts  to 
compare  the  actual  quality  of  milk  with  bam  scores  are  at  once 
apparent.  In  the  first  place,  the  actual  quality  of  milk  is  difficult 
to  determine  by  means  of  present  laboratory  methods.  There  is 
no  way  of  accurately  measuring  such  factors  as  odors,  tastes  and 
dirt  in  milk,  nor  (from  the  standpoint  of  routine  analysis)  is  there 
any  practical  means  of  detecting  the  presence  of  disease  organisms. 
In  the  second  place,  the  chemical  constituents  of  the  milk  are  not 
mentioned  on  dairy  score  cards.  This  leaves  only  one  means  by 
which  the  quality  of  milk  and  the  dairy  score  may  be  compared, 
namely,  the  bacteria  count. 

The  samples  were  taken  with  every  necessary  care  to  make  them 
representative  of  the  milk  from  which  they  came,  were  placed  in 
sterile  bottles,  sealed,  and  taken  quickly  to  the  Station  bacterio- 
logical laboratory  where  culture  plates  were  made  from  each  and  the 
colonies  of  bacteria  counted  in  accordance  with  the  generally  accepted 
method.  This  "  bacteria  count  "  does  not  give  the  actual  number 
of  bacteria  in  the  milk;  but  an  approximate  figure  as  fair  for  one 
sample  as  for  another. 

The  disagreements  between  the  ranking  of  the  different  dairies 
by  the  score  card  system  and  by  this  bacterial  test  of  quality  are 
many  and  extreme.  In  the  graph  given  on  pages  6  and  7  the 
numbers  at  the  head  of  the  columns  give  the  order  of  the  dairies 
on  the  basis  of  the  bacteria  count  of  the  evening  milk,  of  which 
samples  were  always  taken,  and  which  gives  a  better  index  to  the 
condition  of  the  milk  when  it  reaches  the  consumer  than  would 
samples  of  the  morning  milk  alone. 

Milk  from  the  first  dairy  gave  an  average  bacteria  count  of  less 
than  10,000  per  cubic  centimeter,  placing  it  with  highest  grade 
milk  so  far  as  the  bacteria  count  is  concerned;  but  this  milk 
would  have  been  denied  entrance  to  the  New  York  City  market, 
since  the  rating  of  the  dairy,  on  the  score  card  placed  it  below  the 
minimum  for  Grade  C  milk.  Its  rating  on  the  other  cards  was 
better,  yet  only  good  enough  to  allow  the  milk  to  be  sold  as  Grade 
B  pasteurized;  Dairy  2  was  scored  just  high  enough  on  the  City  card 
to  allow  sale  of  the  milk  as  Grade  C  and  only  a  little  better  on  the 
other  cards;  yet  the  "bacteria  count "  was  only  55,000.  In  score 
on  each  of  the  cards  this  dairy  was  only  about  5  per  ct.  above  Dairy 
34,  of  which  the  count  indicated  one  thousand  times  as  much  bac- 
terial contamination.  Only  two  of  the  34  dairies  would  have  satisfied 
the  requirements  as  to  total  score  for  selling  Grade  A  milk  and  only 
three  others  those  for  Grade  B  milk,  while  nearly  half  of  the  dairies 
would  have  been  forbidden  to  sell  milk  in  New  York  City  in  any 
form;  yet  the  "  bacteria  count ''  indicates  that  the  milk  from  Dairies 
1  and  2  was  Grade  A  raw  and  that  from  Dairies  3  to  8  Grade  A 
pasteurized. 

These  figures  show  startling  illustrations  of  the  exclusion  of  good 
30 
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milk  by  score  oaid  rating;  and  equal^  marked  esatapla  can  be  given 
of  the  acceptance,  by  dairy  scoring,  of  very  poor  milk,  bacteriology 
ically 
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Fann 
number. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 


Piste  ocmnt  per  e.  c. 


P.  M.  milk. 


7,580 

54,000 

98,000 

102,000 

118,000 

138,000 

148,000 

162,000 

267,000 

300,000 

313,000 

380,000 

637,000 

538,000 

570,000 

687,000 

732,000 

762,000 

777,000 

812,000 

937,000 

1,442,000 

1,768,000 

1,768,000 

2,700,000 

2,999,000 

3,056,000 

3,158  000 

3,167,000 

4,180,000 

4,215,000 

5,239,000 

13,356,000 

57,820,000 


A.  M.  milk. 


13,000 
57,000 


New  York  City 
flcore. 


Total 


29,000 
52,000 
21,000 
34,000 
18,000 
99,000 


907,000 
165,000 
610,000  I 
58,000 

3261666 
13,000 
67,000 

153,000 

46^666 
103,000 

ii282i666 
'88,"666 


163,000 
3,219,000 
1,284,000 


34 
43 
41 
45 
30 
36 
49 
28 
35 
31 
53 
39 
57 
35 
45 
73 
38 
58 
47 
53 
40 
50 
39 
35 
55 
40 
27 
40 
50 
86 
42 
36 
38 
38 


Meth- 
ods. 


20 
28 
25 
25 
21 
22 
26 
15 
21 
19 
24 
22 
30 
18 
22 
41 
20 
29 
29 
29 
22 
29 
23 
23 
24 
20 
14 
27 
30 
60 
18 
22 
23 
25 


Oflidal 


ToteL 


56.90 
53.65 
54.90 
56.60 
49.00 
53.85 
49.46 
51.35 
56.30 
45.95 
57.20 
64.15 
65.70 
60.10 
48.70 
73.08 
50.45 
66.10 
58.65 
57.35 
60.05 
49.75 
64.95 
^.65 
64.26 
55.40 
59.00 
55.90 
58.75 
79.40 
48.95 
67.80 
49.85 
53.60 


MeOi- 
ods. 


36.35 
36.50 
35.20 
33.90 
28.45 
33.85 
29.15 
31.55 
34.40 
29.10 
36.35 
31.75 
31.90 
32.15 
29.05 
38.63 
29.25 
37.20 
34.10 
34.40 
28.65 
27.75 
32.05 
32.15 
30.60 
31.65 
37.46 
31.16 
29.70 
43.36 
28.10 
39.00 
30.20 
29  80 


OmeH 


I 


Total. 


430  M* 

446M 

432M 

4d9M 

428M 

437M 

433  M 

430M 

433M 

401  M 

432M 

416  M 
442M 
422M 
435M 
46&G 
436M 
455G 
450G 
442M 
429M 
413  M 
447  M 
430M 
4510 
430M 
430M 
433M 
4510 
481  £ 

417  M 
428M 
436M 
433M 


*  E  «  Excellent,  G  =  Good,  M  ==  Medium. 

The  dairy  scored  highest  on  all  three  cards,  entitling  the  owner 
by  a  large  margin,  to  sell  Grade  A  milk,  raw,  was  among  the  poorest. 
baoteriologically  (No.  30),  with  a  count  of  over  4,000,000;  and  the 
one  scored  second  was  only  No.  16  by  bacteria  count.    Of  the  ten 
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dairiea  v  itb  the  best  aoore  oord  records,  ei^t  wene  in  the  poor  half 
of  the  li^t  by  the  bacterial  test  of  care  and  cleanliness.  Only  one 
dairy,  No.  U,  was  given  the  same  rank  by  the  cards  as  by  the 
number  of  bacteria  found. 

Ill  so  far  as  the  quality  of  milk  can  be  determined 

Conclusion  by  present  laboratory  methods,  there  exists  no  relation- 
ship between  the  quality  of  milk  and  the  dairy  score 
on  the  score  cards  now  in  use.  Milk  of  all  grades,  ranging  from  the 
finest  quality  to  the  poorest,  is  produced  in  bams  which  would  be 
excluded  on  account  of  low  scores.  All  grades  of  milk  are  likewise 
produced  in  the  high-scoring  bams. 

The  real  explanation  for  this  lack  of  relationship  between  the 
scores  and  the  bacteria  counts  cannot  be  given  as  yet  with  absolute 
certainty.  The  most  apparent  reason,  as  shown  by  investigations 
made  at  this  Station,  is  that  a  large  number  of  the  items  uicluded  on 
the  score  card  have  little  or  no  effect  upon  the  number  of  bacteria 
present  in  the  milk.  In  other  words,  too  great  emphasis  is  placed 
upon  unessential  factors  in  all  of  the  score  cards  studied,  with  a 
consequent  lessened  emphasis  upon  the  factors  which  actually  do 
affect  the  milk. 

Some  may  contend  that  these  findings  encourage  the  production 
of  milk  under  filthy  conditions.  This  contention  will  be  raised  only 
by  those  who  hold  the  idea  that  low-scoring  dairies  are  necessarily 
unsanitary  and  filthy.  Such  conditions  have,  however,  not  been 
found  to  hold  tiue  in  the  region  studied;  because  low-scoring  dairies 
were  found  which  vied  in  cleanliness  with  the  most  ideal  of  the  high- 
scoring  dairies.  On  the  contrary,  however,  these  facts  give  decided 
encouragement  to  the  intelligent  dairyman  who  finds  that  he  can 
produce  high-grade  milk  by  the  simple  observation  of  the  few  essential 
factors  of  cleanliness  and  care.  This  places  him  in  a  position  to 
secure  a  greater  profit  from  his  business  while  at  the  same  time  he 
has  the  moral  satisfaction  of  knowing  that  he  is  selling  a  high-grade 
article.  Where  the  present  score  cards  are  used,  all  dairies,  in  order 
to  get  credit  for  Grade  A  milk,  are  forced  to  an  additional  expense 
and  consequently  to'an  increased  cost  of  production.  At  the  same 
time  a  comphance  with  the  score-card  requirements  carries  with 
it  no  guarantee  that  the  quality  of  milk  will  be  improved  or  rendered 
more  safe  from  the  standpoint  of  public  health. 

The  fact  that  high-grade  milk  can  be  produced  with  simple  equip- 
ment likewise  gives  encouragement  to  the  consumer  who  is  as  much 
interested  in  keeping  down  the  cost  of  producing  high-grade  milk  as 
is  the  producer. 

None  of  the  results  secured  in  this  investigation  can  be  so  con- 
strued as  to  disprove  the  value  of  dairy  score  cards,  but  they  do 
show  that  present  score  cards  cannot  be  satisfactorily  used  as  a 
means  of  grading  milk  according  to  quality.  There  is  little  hope  of 
designing  a  score  card  which  will  accomplish  this  purpo*^e  until  all 
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of  tbd  f floton  whiob  are  thought  to  affect  the  quality  of  milk  in 
any  way  have  been  carefully  studied;  and  the  influence  of  each  deter- 
mined and  accurately  measured.  In  this  way  the  really  important 
factors  can  be  singled  out  and  given  the  proper  values  on  the 
score  card. 


•'SPINDLING-SPROUT"  OF  POTATOES.* 

F.  H.  HALL. 

Potatoes  produce  best  in  moist,  cool  climates,  as 
Dry,  hot       in  their  original  home  on  the  plateaus  of  the  Andes. 
weather       They  seem  to  *'  run  out ''  quite  rapidly  in  sections 
weakens      with  much  hot,  dry  weather  during  their  maturing 
potatoes.      period;  and  it  is  usually  considered  necessary  in 
such  sections  to  renew  the  stock,  sometimes  annually, 
sometimes  biennially,  by  using  seed  grown  farther  north  where 
climatic  conditions  are  more  favorable.    This  is  quite  commonly 
done  on  Long  Island;  and  experiences  there  during  1914,  following 
the  hot,  dry  summer  of  1913,  emphasize  the  necessity  for  the  practice. 
Ordinarily,  specific  symptoms  of  deterioration  extend  only  to  re- 
duction in  yield;  but  in  1914  a  marked  change  in  the  character  of 
the  plants  was  so  common  as  to  attract  general  notice. 

In  almost  every  field  planted  with  home-grown 

kindling-     seed  on  Long  Island  in  1914  there  were  many  missing 

sprout        hills  and  the  plants  varied  greatly  in  size.    Investi- 

disease.       gation,   particularly  in  one  field  near  BJverhead, 

showed  that  the  trouble  approaches  a  disease  in 

character,  tracing  back  directly  to  the  tubers.     The  affected  tubers 

could  be  easily  selected  among  those  left  in  the  lot  used  for   seed 

as  about  one-third  of  the  whole  number  bore  exceedingly  slender 

.sprouts  like  those  observed  on  affected  plants  in  the  field;  while 

the  remainder  bore  the  sturdy,  robust  sprouts  characteristic  of  the 

variety,  Green  Mountain.    There  was  little  difficulty  in  separating 

the  tubers,  for  nearly  all  were  plainly  sound  and  vigorous  or  plainly 

affected  with  "  spindling-sprout,"  with  very  few  showing  any  inter- 

m^iate  degree;  and  all  the  sprouts  on  each  tuber  were  of  the  same 

character,  either  stocky  or  slender. 

*  A  reprint  of  Popular  Edition  of  Bulletin  No.  399,  March,  1915;    for  complete 
edition  sec  p.  302. 
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About  forty  of  Hbem  tubm  wm%  planted  at 
fteld  tett     Geneva  for  observation;  and  all  those  with  slendef 

sprouts  produced  weak,  qpindling  plants  and  yidded 
only  small  tubers,  averaging  half  a  pound  to  the  hill;  while  the 
tubers  with  stocky  sprouts  gave  healthy  plants  and  yidded  nearly 
one  and  one-half  pounds  to  the  hilL 

The  field  at  Biverhead  improved  considerably  as  the  season 
advanced  and  by  the  middle  of  June  showed  95  per  cL  of  a  full 
stand,  of  which,  however,  nearly  30  per  ct.  of  the  plants  were  dis- 
tinctly smaller  than  usual.  In  another  case,  wh««  many  tub»% 
dl  the  variety  Norcross  were  seen  to  be  producing  small  sprouts 
before  planting,  the  owner's  field  and  an  e3q)erimental  patch  planted 
for  the  Station  showed  nearly  50  per  ct.  of  small  plants. 

Examination  of  bulletins  and  periodicals  showed 

Not  a  new    that  this  trouble  is  not  a  new  or  uncommon  one; 

trouble.       as  the  same  or  very  similar  symptoms  are  reported 

for  potatoes  in  other  States  and  in  Europe.     In  a  few 

of  the  cases  described,  however,  the  trouble,  though   similar,  is 

probably  not  id^itical  with  spindling  sprout.    Various  causes  are 

suggested  for  the  condition,  but  growth  of  the  seed  tubers  in  hot, 

dry  weather  is  most  commonly  given,  and  is  probably  the  true 

explanation. 

As  the  efifect  of  this  trouble  is  a  serious  lessening 
Remedy.  of  the  yield,  every  effort  should  be  made  to  avoid 
tubers  affected  b}''  it.  Although  occasional  instances 
of  spindling-sprout  are  reported  from  Maine  and  even  from  Canada, 
northern-grown  tubers  are  generally  free  from  the  affection,  and 
irhould  be  used  when  the  location,  in  the  South,  or  hot,  diy  weather 
during  the  previous  season  seem  liable  to  produce  deterioration  of 
the  seed.  Whether  **  spindling-sprout  "  is  liable  to  occur  can  usually 
be  told  with  considerable  cerlaiuly  by  a  bprouting  Lest.  From  four 
to  eight  weeks  before  planting  time  a  small  quantity  of  the  potatoes 
should  be  put  in  a  warm,  dark  place  to  sprout.  If  all  of  tLe  tubeis 
produce  strong  sprouts  it  is  safe  lo  assume  that  the  seed  is  suitable 
for  planting;  but  if  some  of  the  tubers  produce  spindling  sprout^, 
the  seed  is  not  fit  to  plant.  It  seems  as  if  this  should  be  a  ^mple 
method  of  avoiding  trouble  with  spindUng-sprout. 


L 


GROUND  LIMESTONE  FOll  SOUR  SOILS.* 

p.  H.  HALL. 
WHY  USE  THIS  FORM  OF  LIME? 

Many  New  York  soils  need  lime.    On   probably 

Liming        three-fourths  of  the  cultivated  area  of  the  State, 

needed.       the  lime  content  has  become  so  much  reduced  that 

legumes,  the  better  grasses,  beets  and  many  other 

crops  fail  or  give  poor  3''ields  where  once  they  may  have  grown  well, 

because  the  soil  has  become  acid  or  because  the  crops  no  longer 

find  the  lime  they  actually  require  as  plant  food. 

Success  with  these  crops  is  fundamental  to  profitable  agriculture; 
and  if,  by  moderate  expense,  the  soils  outside  the  limestone  belt 
can  be  made  to  produce  good  yields  of  these  better  crops,  the  level 
of  the  agriculture  of  the  entire  State  v/ill  be  notably  raised. 

Ground  limestone  can  now  be  obtained  very  readily 

Liming       and  very  cheaply.    New  quarries  have  been  opened 

inexpensive,   in  many  places  (see  pages   4   and    5),    dozens  of 

grinding  plants  have  been  put  in  operation,  the 
equipment  has  been  simplified  and  improved,  the  output  of  lime- 
stone of  excellent  quality  is  very  great,  and  the  costs  of  production 
and  distribution  have  been  greatly  reduced.  Limestone  ground 
fine  enough  for  general  use  now  costs  only  .T1.25  to  $3.00  a  ton  at 
the  raihroad  stations  of  most  farmers  in  the  State. 

Ground  limestone  has  been  thoroughly  proved  an 

Ground       efficient  and  economical  aid  to  crop  production  by 

limestone      long  continued  experiments  in  Ohio,  Illinois,  PeniLsyl- 

efficient.      vania,  New  Jersey,  Rhode  Island  and  many  other 

States;  and  data  are  rapidly  accumulating  to  show 

the  same  favorable  results  in  this  State. 

Already  this  form  of  lime  has  shown  itself  effective  in  aiding  the 
establishment  of  alfalfa  on  the  poor  hill  lands  of  southern  New  York, 
as  useful  as  much  more  expensive  forms. 

In  Ohio,  in  twelve  years  of  testing  on  many  plats,  moderate  appli- 
cations of  limestone  once  in  a  crop  rotation  of  five  years,  on  soils 
only  moderately  acid,  have  given  average  net  profits  of  $15  an  acre 

*  A  reprint  of  Popular  Edition  of  Bull*itin  No.  400,  March,  1915;  for  complete 
edition  see  p.  63. 
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when  used  alone,  and  o;  from  $2  to  $5  more  than  this  when  used 
with  phosphorus,  wnth  barnyard  manure,  with  phosphorus  and 
potassium,  or  with  complete  commercial  fertilizers. 

In  New  Jersey,  tlio  value  of  the  increase  in  general  farm  crops  in 
five  years  after  a  two-ton  application  of  ground  limestone  was  placal 
at  $25  an  acre,  and  the  value  of  the  increase  in  vegetables  at  $48. 

Ground  limestone  is  as  efficient  as  burned  lime,  if 

Limestone     ground  moderately  fine  and  used  in  quantity  to  give 

and  the  same  amount  of  calcium  and  magnesium  per 

quicklime,     acre.    Nine  years  of  comparative  trials  at  the  Ohio 

Station,  four  at  the  Tennessee  Station,  eleven  years 
at  the  Maryland  Station  and  much  other  evidence  both  from  this 
country  and  from  abroad  prove  that  the  limestone  gives  at  least 
as  good  and  sometimes  better  results  than  it^  lime  equivalent  in 
other  forms.  Quickhme  occasionally  appears  to  injure  land  or  crops 
through  its  caustic  properties;  but  ground  limestone,  being 
chemically  neutral,  can  never  harm  either  soil  or  crop.  It  should  b^ 
said  here,  though,  that,  like  most  other  forms  of  lime,  the  ground 
stone  may  increase  the  virulence  of  potato  scab. 

Ground   limestone  is  more  convenient  to  handle 
Limestone     than    other    forms    of    lime.     When    ground    fine 
convenient    enough  for  farm  use  —  so  all  the  material  from  the 
to  use.        grinder  passes  a  10-mesh  sieve  —  the  stone  can  be 
shipped  and  handled  in  bulk,  without  the  expense 
for   bagging   necessary   when   finely  ground   freshly-burned   lime, 
hydrated   (slaked)   lime  or  air-flaked  lime  is  used.    The  groimd 
limestone  can  be  easily  distributed,  either  by  hand  or  by  a  lime- 
sower,  without  the  unpleasant  effects  on  skin  and  eyes  that  follow 
the  handling  of  caustic  lime. 

The  decidedly  lower  cost  of  ground  limestone  than 

Low  cost      of  other  forms  of  lime  more  than  counterbalances 

offsets        its    lower    lime    content.       Undoubtedly    freshly 

smaller       burned  lime  from  a  pure  stone  contains  the  essential 

lime  content.  soil-«weetening  compounds,  calcium  and  magne^um 

oxide,  in  most  concentrated  form.  This  is  an  advan- 
tage that  must  be  considered  when  freight  haul  or  wagon  carry  are  verj* 
long;  but  usually  the  price  for  the  ground  stone,  with  its  800  poun^ 
or  so  to  the  ton  of  inert  carbon  dioxide,  is  so  decidedly  less  than  that 
of  other  forms  of  lime  that  it  is  far  more  economical  to  use  although 
freight  and  haulage  expenses  have  to  be  paid  on  some  useless  material. 
When  made  from  impure  stone,  any  advantage  for  the  burned  lime 
is  lessened,  since  the  percentage  of  impurity  is  increased  by  the 
burning. 

In  the  soil  the  quicklime  very  soon  absorbs  carbon  dioxide  to 
replace  that  driven  off  by  heat  and  becomes  again  chemicaUy  and 
practically  the  same  as  ground  limestone  from  the  same  source. 
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Hydratrd  lime  is  les.>  concentrated  than  burntd  limt,  9fi  the  quick- 
lime takes  up  about  one-fourth  of  itj^  weight  of  water  in  hydrating, 
or  slaking. 

Speaking  generally,  a  ton  of  ground  limestone,  1500  pounds  of 
hydrated  lime,  or  1200  pounds  of  burned  lime,  contain  the  same 
amount  of  soil-sweetening  chemicals. 

Air-slaked  lime,  when  the  process  is  fully  complete,  is  the  same  in 
chemical  composition  as  ground  limestone,  as  it  has  taken  from  the 
air  the  carbon  dioxide  driven  from  the  limestone  by  burning,  and  has 
again  become  lime  carbonate.  It  is  of  equal  value  with  ground 
limestone  from  the  same  quarry;  and  of  no  greater  value  unless  fine- 
ness be  financially  worth  while. 

Marl  is  also  lime  carbonate  and  equal  to  ground  limestone  in  value, 
if  of  similar  purity. 

The  greater  coarseness  of  the  particles  of  ground 

Great         limestone  is  not  a  disadvantage  in  rational  liming. 

fineness       Theoretically,  the  extremely  fine  particles  in  burned 

not  lime  should  be  more  readily  distributed  through  the 

required.      soil  and  thus  more  quickly  come  in  contact  with  the 

acid  compounds  there,  neutralizing  them  and  sweet- 
ening the  soil.  Practically,  the  fineness,  below  a 
certain  point,  is  of  little  or  no  advantage.  Limestone,  ground  so 
all  the  material  will  pass  through  a  sieve  with  ten  meshes  to  the  linear 
inch,  includes  more  than  40  per  ct.  of  particles  that  will  pass  a 
40-mesh  sieve,  and  from  70  to  90  per  ct.  that  will  pass  a  20-mesh  sieve. 
Applied  in  considerable  quantity,  once  in  a  three-year  to  five-year 
rotation,  ground  limestone  of  this  fineness  adds  to  the  soil  a  large 
amount  of  fine  particles  to  act  promptly,  and  leaves  a  reserve  supply 
of  larger  grains  to  dissolve  more  slowly  in  the  soil  solution  and  thus 
to  keep  the  soil  swo(*t  for  subsequent  crops.  The  many  experiments  at 
various  stations  prove  that  the  extra  fineness  of  slaked  and  hydrated 
limes  gives  no  better  results  in  a  rotation  than  the  somewhat  coaiser 
particles  of  the  ground  stone  that  pass  the  10-mesh  sieve.  All  the 
fine  material  produced  by  grmding  must  be  included,  however; 
none  must  be  sifted  out  to  sell  as  finer  grade. 

HOW   USE   GROUND  LIMESTONE? 

On  most  soils  of  the  State  that  are  in  need  of  lime 
Use  freely,     at  all,  at  least  two  tons  to  the  acre  of  ground  limestone 

should  be  used  as  an  initial  application,  to  be  fol- 
lowed by  a  ton  to  two  tons  once  in  every  rotation  of  three  to  six 
years.  On  some  soils,  however,  particularly  the  hill  lands  of  south- 
em  New  York,  three  or  even  four  tons  may  be  found  necessary  and 
profitable.  In  preparing  for  alfalfa,  particularly  on  poor  soils,  four 
to  six  tons  of  limestone  may  be  advisable;  since  the  alfalfa  should 
r^nain  on  the  land  for  several  years  and  requires  large  amounts  of 
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lime  for  pUnt  food,  as  well  as  «iough  to  correct  soil  acidity.    It  if 
not  eaay  to  supply  the  necessary  lime  after  the  alfalfa  is  establiiBhed. 

Limestone  is  composed  of  calcium  oxide  or  calcium 

Grading       and  magnesium  oxides  in  combination  with  carbon 

limestones,    dioxide,  or  what  we  know  as  a  carbonate.    As  the 

calcium  present  is  always  greater  in  quantity,  and 
usually  much  greater,  than  the  magnesium,  we  generally  speak  of 
limestone  as  calcium  carbonate.  But  for  soil  sweetening  power 
magnesium  is  of  nearly  one-fifth  more  value  than  an  equal  wei^t  of 
calcium.  Accordingly  in  estimating  the  agricultural  value  of  lime- 
stones we  use  the  calcium  carbonate  as  a  basis  and  add  to  this  the 
amount  of  magnesium  multiplied  by  1 .  19.  This  gives  the  "  calcium 
carbonate  equivalent ",  previously  referred  to,  which  is  print'Cd  in 
heavy  type  in  the  table. 

Ground  Umestone  of  exceUent  quaUty  may  now  be 

Where        obtained  from  many  companies  in  this  State.    The 

obtain        table  on  pages  4  and  5  gives  a  list  of  the  limestone 

limestone?    quarries  of  the  State,  with  the  companies  owning 

them  or  handling  the  products  and  w^ith  chemical 
analyses  showing  their  relative  value.  This  is  expressed  as  the 
"  calcium  carbonate  equivalent  "  as  shown  in  next  to  the  last  column. 
Companies  from  nearby  States  also  furnish  limestone  ranging  from 
86  per  ct.  to  96  per  ct.  "  calcium  carbonate  equivalent  "  as  follows: 
Kelly  Island  Lime  &  Transport  Co.,  Youngstown,  O.;  Security 
Cement  &  Lime  Co.,  Berkeley,  W.  Va.;  J.  E.  Baker  &  Co.,  Bain- 
bridge,  Pa.;  Carbon  Limestone  Co.,  Youngstown,  O.;  Edison  Port- 
land Cement  Co.,  Stewartsville,  N.  J.;  Grangers  Lime  &  Marble  Co., 
West  Stockbridge,  Mass.;  Bessemer  Limestone  Co.,  Youngstown,  0. 

Some  field  tests  may  be  used  to  ascertain  the  need  of 

How  and      liming.    Soils  with  a  light  color,  gray,  grayish  brown, 

when  apply,    or  yellowish  in  shade  are  usually  in  need  of  lime; 

and  wherever  serious  difficulty  is  experienced  in 
growing  good  crops  of  red  clover  or  alfalfa  a  lack  of  lime  is  strongly 
indicated. 

If  in  doubt,  the  Utmus  test  gives  quite  reliable  indications.  It  may 
be  made  as  follows:  Obtain  a  ball  of  wet  soil  about  the  size  of  the 
fist,  break  it  open  and  insert  a  double  thickness  of  blue  litmus  paper 
(obtainable  at  any  drug  store).  Press  the  ball  firmly  together  and 
allow  to  stand  as  much  as  a  half  hour.  If  at  the  end  of  tli^  time  the 
paper  in  contact  with  the  soil  has  distinctly  changed  to  a  pink  color 
there  is  positive  evidence  of  acidity  and  it  may  safely  be  assumed  that 
benefit  will  follow  liming.  Of  course  it  is  best  to  make  a  number  of 
tests  in  different  part«  of  the  field  and  the  subsoil  should  be  examined 
as  well  as  the  surface.  The  practice  sometimes  recommended  of 
placing  a  piece  of  filter  paper  between  the  litmus  pap^  and  the  soil 
renders  the  test  of  no  value.  The  litmus  must  come  in  direct  con- 
tact with  the  soil. 
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Limwtone  can  bast  be  applied  hy  means  of  a  special  lime  or  fer- 
tillEer  distributor;  as  it  can  be  spread  more  thoroughly  and  with 
less  labor  in  this  way  than  if  applied  by  hand  or  by  a  manure 
spreader.  The  fertilizer  attachment  of  a  grain  drill  has  too  small 
capacity  for  practical  use  in  distributing  limestone.  It  is  best  to 
apply  the  limestone  to  the  rough  ground  after  plowing,  thus  mixing 
it  more  thoroughly  with  the  soil  by  disking  and  harrowing.  It  is 
in  the  line  of  good  practice  to  apply  any  form  of  lime  as  long  as 
practicable  before  seeding  the  first  crop  to  be  benefited  by  its  appli- 
cation. Fall-plowed  land  furnishes  an  excellent  opportunity  for  the 
application  of  limestone.  Also  summer-plowed  land;  to  be  seeded  to 
grain  in  the  fall  and  to  clover  or  grass  the  following  spring,  furnishes 
a  good  opportunity  for  its  application.  In  general  it  is  much  better 
to  apply  limestone  in  the  summer  and  fall  when  the  roads  are  good, 
the  land  firm,  and  work  not  so  pressing,  rather  than  in  the  spring 
when  there  is  haste  to  get  in  the  crops  and  conditions  are  not  so 
good  for  hauling  and  applying. 


CONTROLLING  PLANT  LICE  IN  APPLE 

ORCHARDS.  ♦ 

F.  U.  HALL. 

Though  small  and  soft-bodied,  plant  lice  on  hrgje 
Well-pro-  trees  are  among  the  most  diflScult  to  control  of  all 
tected  plant  plant  pests.  Three  species  of  these  insects  attack 
pests.  the  foliage  and  fruit  of  apple  trees,  which  are  com- 
monly known  as  the  rosy  aphis,  the  green  aphis  and 
the  oat  aphis.  All  are  injurious  pests  in  bearing  apple  (»t;hards, 
but  the  two  former  normally  cause  the  greatest,  losses  in  yields. 
Tlie  eggs,  in  which  stage  the  insects  pass  the  winter,  are  well  con- 
cealed in  crevices  in  the  bark  or  at  the  bases  of  the  buds,  so  that  it 
is  difficult  to  reach  them  with  any  spray,  and  to  most  of  such  mixtures 
these  eggs  appear  to  be  quite  resistant.  The  yoimg  aphids  should  be 
quite  susceptible  to  any  of  the  contact  insecticides,  but,  unfortunately, 
they  remain  in  the  open  where  sprays  can  easily  reach  them  only 
a  very  short  time.  The  eggs  hatch  just  before,  or  as,  the  apple  bu(t 
begin  to  expand;  and  the  tiny  lice,  not  much  more  than  microscopic 
in  size,  seek  immediately  the  opening  bud-tips  where  green  first 
shows.  At  this  time,  and  practically  at  this  time  only,  can  the 
fight  against  the  three  aphids  on  the  apple  be  successfully  waged; 
for  within  a  very  short  time  the  insects  work  into  the  interior  of  the 
buds  where  the  hairy  growth  of  the  opening  leaves  and  the  rudi- 
mentary flower  buds  protect  them.  As  the  leaves  unfold  the  lice 
feed  mostly  on  the  undersides  of  them,  causing  the  tissues  to  contract 
and  curling  the  leaves  about  the  insects  so  that  they  are  again  well 
prot,ected  From  spraying. 

Small  though  they  are,  the  plant  lice  can  do  severe 
Damage.       injury,  even  on  orchard  trees,  for  they  multiply 

very  fast,  the  females  bringing  forth  broods  of  living 
young  in  rapid  succession  and  great  in  number.  The  greatest 
harm  to  apples  is  done  by  the  earlier  broods;  for  the  attacks  of  the 
insects  at  this  time  seem  to  do  damage  out  of  all  proportion  to  the 
numbers  of  insects.  The  first  brood  checks  the  growth  of  the  young 
leaves  and  retards  the  development  of  the  blossoms;  while  the  ones 

*  A  reprint  of  Popular  Edition  of  Bulletin  No.  402,  April,  1915;  for  oomplete  edition 

see  p.  385. 
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that  follow,  sucking;  out  considerable  (luantities  of  the  vital  plant 
juices  at  the  time  when  these  are  most  needed  for  the  development 
of  the  seeds  and  the  tissues  of  the  young  fruits  surrounding  the  seeds, 
may  seriously  dwarf  and  deform  the  developing  apples  and  defoliate 
the  stems  that  bear  them. 

These  facts  relative  to  the  difficulty  of  control  of 

Control        aphids  on  apples  have  been  developed  in  long  series 

experiments,   of  experiments  —  by  the  Station  alone,  by  the  Station 

in  cooperation  with  inspectors  of  the  State  Depart- 
ment of  Agriculture,  and  by  the  Station  in  cooperation  with  farmers. 

The  first  series,  extending  from  1905  to  1911,  demonstrated  the 
difficulty  of  controlling  the  plant  lice  after  the  leaves  were  curled, 
the  conclusion  being  that  if  any  real  benefit  is  to  come  from  the 
spraying,  the  applications  should  be  made  before  the  forming  apples 
have  received  any  injurj^;  that  is,  spraying  when  the  buds  are  break- 
ing, or  just  before  or  just  after  blossoming. 

In  the  years  from  1912  to  1914  inclusive,  experiments  in  coopera- 
tion with  the  Department  were  conducted  in  fifteen  different  orchards, 
and  experiments  in  cooperation  with  farmers  in  nearly  30  orchards 
to  test  time  of  applications,  materials  to  be  used,  and  methods  of 
applying. 

All  these  tests  emphasize  the  necessity  of  spraying  atr  the  proper 
time;  which  is,  preferably,  when  the  buds  are  just  swelling,  as  shown 
in  Fig.  1  on  page  6.  When  the  buds  have  reached  the  stage  shown 
in  Fig.  2  the  lice  are  so  well  protected  that  efficient  spraying 
cannot  be  done. 

The  grower  should  endeavor  to  combat  the  pc'^t  by 
Later  the  foregoing  measures  and  thus  avoid,  if  possible, 

applications,    the  necessity  of  later  spiayings.     There  are  serious 

objections  to  late  applicntions  because  of  the  danger 
of  early  injuries  by  the  msects  to  fruit  and  leaf  clusters  and  the 
difficulty  of  reaching  the  lice  in  the  curled  leaves,  which  becomes 
greater  as  the  infestation  increases.  If  bud  treatment  has  been 
omitted  or  this  application  has  not  given  entirely  satisfactory  results, 
one  should  spray  with  one  of  the  following  mixtures  as  soon  as  the 
aphides  are  detected  in  numbers,  endeavoring  by  high  pressures 
to  reach  as  many  of  the  creatures  as  possible.  The  amount  of  pro- 
tection that  will  be  gained  by  this  spraying  will  not  prove  as  great 
as  that  of  the  early  treatment.  However,  it  will  afford  some  measure 
of  relief  and  perhaps  tide  the  trees  over  a  critical  period. 

Formula  I,  Nicotinb  Solution. 
Fonnulasfor    Nicotine  Bolution  40  per  ct |pt. 

spray  mixtures,  g^ap 3  to  5  lbs. 

This  mixture  will  cost  about  $1.15  per  100  gallons.  In  combining 
nicotine  solution  with  lime-sulphur  omit  the  soap. 
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FOBMULA  2,  KSBOSBNE  ElfUXJnON. 

Keroaene 2g^ 

Fuh-<Hl  Boap i  lb. 

Soft  water 1  g»L 

Directions  for  making  kerosene  emulsion  are  as  follows: 
Dissolve  the  soap,  which  has  been  finely  divided,  in  one  gallon 
of  boiling  water.  Remove  the  vessel  from  the  stove  and  add  the 
oil.  Then  agitate  the  mixture  violently  for  from  three  to  five  minutes 
by  pumping  into  itself  under  high  pressure  until  a  creamy  mass  is 
formed,  from  which  the  oil  does  not  separate.  Fruit  growers  are 
advised  not  to  employ  an  emulsion  which  shows  a  separation  of  the 
oil  2is  application  of  such  preparations  may  cause  injuries  to  the 
trees.  This  is  used  with  success  by  some  growers  for  summer  spray- 
ing against  the  lice  at  a  dilution  of  one  gallon  of  the  emulsion  to 
eight  gallons  of  water.  This  emulsion,  when  diluted  as  recom- 
mended, will  cost  about  $1.08  per  100  gallons. 

FoBMULA  3,  Fish  Oil  Soap. 

Fiah  oU  soap 12  to  20  Iba. 

Water 100  gate. 

To  prepare  for  use,  slice  the  soap  and  dissolve  in  boiling  water. 
Soap  varies  greatly  in  its  water  content,  and  before  undertaking 
(extensive  operations  the  grower  should  make  a  preliminary  test  to 
determine  the  amount  of  material  required  to  make  an  efficient 
sprav.  Soap  used  in  the  proportions  as  given  will  cost  from  75  cents 
to  81.20  per  100  gallons. 

Many  pests  of  fruit  trees  pursue  their   injurious 
Combinations  activities  at  similar  periods  of  time  and  some  of 

of  spraying     them  are  jointly  susceptible  to  a  single  application 
materials,      of  an  insecticide  or  to  a  combination  of  spraying 

materials.  As  the  expense  of  insecticides  is  usually 
much  less  than  the  cost  of  labor  and  team,  it  is  desirable  from  the 
standpoints  of  economy  and  time  to  reduce  the  number  of  applica- 
tions to  the  minimum.  One  means  to  this  end  is  to  employ  com- 
bination mixtures  or,  as  they  are  popularly  called  "  two  in  one  " 
or  "  three  in  one  "  sprays,  according  to  the  number  and  nature  of 
constituents  contained  in  them. 

From  the  standpoint  of  safety  to  expanding  buds  and  leaf  tissues, 
and  effectiveness  against  insects,  the  most  satisfactory  combination 
is.  three-fourths  of  a  pint  of  nicotine  solution  (40  per  ct.)  to  lime- 
sulphur  solution  at  winter  strength  for  bud  treatment,  or  to  lime- 
sulphur  at  summer  strength  with  arsenate  of  lead  for  foliage  appli- 
cations. While  this  combination  lacks  somewhat  the  spreading 
properties  of  soap  mixture?,  oil  emulsions  or  of  nicotine  with  soap, 
this  deficiency  is  probably  more  than  compensated  by  the  sa\'ing 
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in  labor  in  avoiding  an  extra  application  and  by  the  thorouglineea  of 
spraying  in  the  bud  treatment  when  lime-sulphur  is  directed  also 
^^ainst  the  San  Jose  scale. 

So<^um  and  potassium  sulphides  may  be  combined  with  soap  or 
oil  emulsions,  l)ut  they  should  be  regarded  as  experimental  mixtures 
until  there  is  more  iinowledge  of  their  insectJcidal  properties  and  of 
the  effects  of  strong  preparations  of  these  sulphides  on  leaf  and  fruit 
tissues,  especially  in  combination  with  common  arscnicals. 

On  the  basis  of  the  experiment.'^  previously  described 
Directions      the  most  effective  means  of  combating  the  hce  is  a 
for  bud        thorough  spraying  of  the  trees  at  the  time  when  the 
^nuying.       insects  are  assembled  on  the  tips  of  the  buds  show- 
ing green  and   while  the  buds  are  compact.     As 
the  creatures  that  appear  on  the  opening  buds  are  the  progenitors 
of  many  broods  that  are  to  follow,  and  constitute  the  first  and  only 
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Spraying.  Spratino. 

forms  that  infest  leaf  and  fruit  clusters  at  this  period,  special  efforts 
should  be  made  to  allow  as  few  as  possible  of  the  insects  to  escape 
this  treatment.  It  should,  therefore,  be  the  aim  of  the  orchardist 
to  IdU  *11  of  the  insects,  and  work  so  directed  will  destroy  from 
95  to  98  per  ct.  of  the  creatures.  To  this  end  apply  tlie  spraying 
nnixture  in  liberal  r|uantities  and  under  high  pres.=ures,  endeavoring 
to  wet  all  of  the  buds. 
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It  is  eonimou  knowledge  that  varieties  diff^  ^is  to 

Conditioiis     the  time  of  opening  of  buds,  and  that  trees  of  the 

determine      same   variety  may  show   retarded   or   accelerated 

time  to        growth,  according  to  the  conditions  of  its  eiviron- 

spray.         ment.    For  these  reasons  the  grower  needs  to  take 

into  consideration  the  stages  of  growth  of  the  different 

varieties,  waiting  until  the  lice  are  massed  on  the  opening  buds  and 

keeping  in  mind  the  importance  of  killing  the  insects  before  they 

obtain  protection  in  fuzzy,  unfolding  leaves  of  the  opening  buds. 


DWARF  APPLES  NOT  COMMERCIALLY 

PROMISING.* 

F.  H.  HALL. 

After  a  ten-year  test  in  three  orchards,  under  widely 
Advantages    varjdng  climatic  and  soil  conditions,  the  Station 
of  dwarf       cannot  recommend  dwarf  apple  trees  for  the  pro- 
apples  few.     fehsional    grower.    They    come    into    bearing    but 

little,  if  any,  earlier  than  standard  trees  of  the  same 
varieties,  and  the  amount  of  fruit  so  produced  is  too  small  to  make 
the  difference  in  bearing  age  of  the  two  classes  of  trees  of  commercial 
value.  Though  ten  years  is  too  short  a  time  to  test  productiveness 
thoroughly,  there  axe  no  indications  that  the  larger  number  of 
dwarf  trees  on  an  acre  will  yield  more  fruit  than  the  proper  number 
of  standard  trees. 

In  these  experiments,  also,  the  fruit  on  the  dwarf  trees  was  not, 
nor  did  it  appear  as  though  it  would  ever  be,  larger,  handsomer  or 
better  flavored  than  that  on  full-sized  trees  of  the  same  kinds. 

The  small  size  of  the  trees  on  dwarfing  stocks  makes  it  possible 
to  grow  more  trees,  and,  consequently,  more  varieties,  if  desired,  on 
a  given  area,  and  the  dwarfed  trees  are  more  ornamental  than 
standards.  These  points  may  make  trees  of  this  type  useful  and 
valuable  to  the  amateur  grower;  but  they  are  of  no  advantage  to  the 
commercial  orchardist. 

On  the  other  hand,  dwarf  trees  have  sevenJ  dis- 

Some         advantages  that  prevent  their  selection  by  gi'owors 

disadvantages,    of  fruit  for  market.    There  is  great  confusion  in 

apple  stocks  in  America,  as  well  as  in  Europe,  and 
it  is  diflScult,  and  sometimes  proves  impossible,  to  get  trees  on  tl^.e 
dwarfing  stock  desired.  This  is  a  distinct  detriment;  for  a  half- 
dwarf  tree,  where  one  desires  a  true  dwarf,  is  almost  as  much  out  of 
place  as  would  be  a  standard.  Dwarfed  trees  are  usually  sold  at  a 
higher  price  per  tree  than  standards,  which  gives  a  very  high  acre- 
cost  since  from  four  to  nine  times  as  many  dwarfs  would  be  needed 
as  standards. 

In  the  cold  climate  of  New  York,  semi-dwarf  and  dwarf  trees, 
particularly  the  latter,  are  very  liable  to  winter  injury  or  to  winter 
killing. 

*  A  reprint  of  Popular  Edition  of  Bulletin  No.  406,  May,  1016;  for  complete  edition 

p.  518. 
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The  union  between  stock  and  cion  is  not  ae  good  with  dwarf  iiw 
as  with  standards,  consequently  more  dwarf  trees  break  off  and  are 
lost. 

To  maintain  the  trees  as  dwarfs  requires  watchfulness  and  labor, 
since  the  cions  frequently  throw  out  roots  if  the  union  is  at  or  near 
the  surface  of  the  ground.  These  roots  must  be  removed  or  the  trees 
quickly  cease  to  be  dwarfs. 

The  rooting  system  of  dwarfing  stocks  is  relatively  shallow,  which 
results  in  several  disadvantages:  The  dwarf  trees  are  easily  blown 
over,  particularly  when  heavy  with  fruit;  they  suffer  more  from 
drought  than  do  the  deeper-rooting  standard  trees,  and  they  cannot 
be  so  thoroughly  cultivated  to  conserve  the  moisture  because  of  the 
shallow-rooting  habit;  in  cultivating  root  injuries  are  frequent, 
leading  to  lessened  vitality  of  the  tree,  to  ready  entrance  of  disease, 
and  to  the  formation  of  suckers,  a  vexatious  trouble  of  dwarf  stock?. 
Suckering  is  due  also,  no  doubt,  to  the  fact  that  dwarf  stocks  are 
usually  propagated  from  cuttings  or  layers. 

To  maintain  the  trees  as  dwarfs  some  eununer  pnming  is  neces- 
sary, and  it  has  been  found  impossible  during  the  ten  years  to  find 
a  method  and  a  time  that  will  assure  satisfactory  results  from  summer 
pruning.  On  the  one  hand,  the  results  for  which  sununer  pruning  is 
done,  maintenance  of  dwarfness  and  promotion  of  fruitfulne&s, 
do  not  always  follow;  and,  on  the  other  hand,  positive  harm  often 
results  because  of  the  weak,  sickly,  second  growth  which  often  is  an 
after  effect,  and  which  nearly  always  succumbs  the  following  winter. 

The  Station  tests  really  owe  their  origin  to  the  feeling. 
The  tests      some  fifteen  years  ago,  that  San  Jos6  scale  had  come 
in  brief.       to  New  York  State  to  stay  and  that  it  could  probably 
be  controlled  only  by  fumigating  the  trees  under 
tents.    This  would  be,  practically,  an  impossibiUty  with  mature 
standard  trees,  but  would  be  a  feasible  method  with  dwarfs.     Coukl 
dwarfs  be  substituted  for  standards  and  the  productivity  of  New 
York  orchards  still  be  maintained?    Interest  in  dwarf  apples  had 
also  been  stimulated  from  various  quarters  and  it  was  held  that 
advantages  aside  from  ease  in  scale  control  made  them  a  com- 
mercial possibility. 

Accordingly  the  Station,  at  the  request  of  various  horticultural 
organizations,  began  an  investigation  with  trees  of  this  type  and  set 
three  orchards,  in  cooperation  with  the  owners.  These  were  on  tho 
farms,  respectively,  of  Edward  Van  Alstyne  at  Kinderhook  in  the 
Hudson  Valley,  of  F.  E.  Dawley  at  Fayetteville  in  central  New 
York,  and  of  Albert  Wood  &  Son  at  Carlton,  in  great  western  New 
Yorli  apple  region. 

These  orchards  are  as  diverse  in  soil  and  climatic  conditions  as 
they  are  separated  in  distance;  so  that  success  or  failure  in  them  should 
prove  the  applicability,  or  the  reverse,  of  dwarf-apple  culture  in  the 
whole  state. 


New  York  Acjkicultuual  Expkuiment  Station.         949 

Tbs  Wood  orchard  wm  Mt  in  the  fall  of  1906,  with  trtw  one  year 
from  the  bud.  The  other  two  were  eet  in  the  autumn  of  1904  with 
trees  two  years  from  the  bud.  The  trees  were  cut  to  whips  at 
planting,  which  proved  a  bad  plan,  as  growth  was  none  too  vigorous 
and  many  of  the  trees  failed  to  put  out  enough  buds  to  make  satis- 
factory heads.  It  would  have  been  better  to  grow  the  trees  a  year 
longer  in  the  nursery  and  form  the  heads  there,  in  part,  at  least. 

In  each  case  it  was  planned  to  grow  a  permanent  orchard  of 
standard  trees, — on  French  crab  stock, — with  fillers  on  Doucin  stock 
—  which  produces  half-dwarf  trees  —  and,  between  these,  fillers  on 
Paradise  stock  —  which  gives  true  dwarfs.  In  the  Wood  orchard  the 
trees  were  set  fifteen  feet  apart,  in  the  other  two  orchards  twelve  feet. 

The  Van  Alstyne  orchard  was  planted  to  306  trees  on  the  three 
stocks  as  follows:  Standard  trees,  27;  on  Doucin  stock,  153  trees;  on 
Paradise,  126.  These  were  distributed  among  the  following  varieties: 
Baldwin,  Boiken,  Holland  Pippin,  Hubbardston,  Jonathan,  Lady, 
Mcintosh,  R.  I.  Greening,  Rome,  »Sutton,  Wealthy  and  Wagener. 

The  Dawley  orchard  was  planted  with  512  trees,  the  number  on 
each  stock  being:  Standard,  42;  Doucin,  161;  Paradise,  309.  The 
following  are  the  varieties:  Alexander,  Baldwin,  Boiken,  Esopus, 
Graveastein,  Green  Sweet,  Grimes,  Hub])ardHton,  Jacob  Sweet, 
Jonathan,  Longfield,  Mcintosh,  Monmouth,  Northern  Spy,  Pumpkin 
Sweet,  R.  I.  Greening,  Rome,  Sutton,  Wagener,  Wealthy,  Wolf 
River,  Yellow  Transparent. 

In  the  Wood  orchard  there  were  originally  375  trees:  45  on  stand- 
ard, 110  on  Doucin  and  220  on  Paradise  stocks,  distributed  among 
the  varieties  Alexander,  Baldwin,  Ben  Davis,  Boiken,  Gravenstein, 
Holland  Winter,  Jonathan.  Lady,  Mcintosh,  Monmouth,  R.  I. 
Greening,  Rome,  Sutton,  Bismark,  Twenty  Ounce  and  Wealthy. 

Clean  cultivation,  with  cover  crops,  usually  legumes. 

Care  of        was   adopted   as    the   method   of   tillage   in    each 

the  orchard,  which  vas  followed  throughout  with  slight 

orchards.      changes   as   conditions   demanded;   and   the   trees 

were  sprayed  whenever  necessary.  Much  time  and 
labor  had  to  be  given  each  year  to  removing  suckers  and  cion  roots, 
operations  essential  to  keep  the  trees  true  to  type  and  to  maintain 
their  vigor.  Pnming  also  was  a  perplexing  problem,  since  the 
severe  trimming  of  the  trees  at  setting  made  it  difficult  to  secure 
good  heads  in  many  cases.  The  winter  pruning  was  not  unlike  that 
of  standards,  though  more  heading  back  was  needed  to  restrict  the 
size  of  the  trees.  Summer  pruning  is  a  necessity  in  the  successful 
culture  of  dwarf  trees,  but  no  satisfactory  system  was  developed  by 
a  series  of  experiments  in  the  three  orchards  extending  over  ten 
years  in  time.  ''  We  have  been  forced  to  conclude  that  the  great 
variations  in  temperature  and  moisture  in  the  summer  and  the  cold 
winters  in  New  York  ahnost  or  quite  debar  the  siunmer  pruning 
here  that  is  practical  in  the  Old  World." 
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TIm  uMftl  orohttd  nuahAps  occurred,  lik«  failure  of  trtv  to  grow, 
girdling  by  mice,  injury  by  stray  animaifi,  death  from  bli^^t  or  from 
unknown  causes,  but  the  percentage  of  loss  was  small  from  these 
incidental  perils  of  all  orchard  culture;  but  it  was  large  from  those 
apparently  due  to  the  dwarfness  of  the  trees.  Many  trees  winter 
killed;  many  failed  to  make  a  good  union,  with  death  or  failure  as 
the  result;  and  the  surface-rooting  habit  caused  an  imexpected 
number  of  deaths  and  failures.  At  the  end  of  the  tests  the  number 
of  missing  or  replaced  trees  was  quite  too  large  for  profitable  orchard- 
ing. 

Contrary  to  what  has  been  generally  claimed  for 
Fmit  dwarf  trees,  ten  years  from  bud  proved  too  short  a 

bearing.  time  to  give  satisfactory  data  regarding  productive^ 
ness.  This  is  in  part,  undoubtedly,  due  to  the 
whip-pruning  of  the  trees  at  setting,  the  severe  pruning  neces- 
sary later  to  secure  good  heads,  and  the  experiments  in  summer 
pruning;  but  the  d wanness  of  trees  on  either  Doucin  or  Paradise 
stock  has  not  induced  notablj'  earlier  fruiting.  In  all  three  orchard.^ 
the  Paradise  trees  came  in  bearing  soonest;  but  in  no  one  of  the  three 
orchards  was  there  what  could  be  called  a  commercial  crop  on  any 
of  the  stocks  until  the  tenth  year  after  setting.  Then,  taking  an 
average  of  the  three  orchards,  the  standard  trees  bore  66|  pounds 
each,  those  on  Doucin  632  pounds  and  those  on  Paradise  52  pounds. 

Computed  on  the  acre  basis,  this  would  make  the  Paradise  most 
productive  for  the  first  ten  years,  Doucin  next  and  standards  last, 
the  acre  3rield8  thus  coming  in  the  order  of  dwarfness.  But  so  many 
exceptions  could  rightly  be  made  to  this  calculation  that  it  is  hardly 
worth  making.  Those  who  have  wa'ched  the  experiment  have 
been  surprised  at  the  comparatively  bmall  yield  of  the  Paradise 
trees.  Few,  indeed,  are  the  trees  of  this  true  dwarf  type  that  have 
been  bent  to  the  ground  with  a  load  of  fruit  as  they  have  been  so 
often  depicted. 

The  figures  are  hardly  fair  to  the  dwarfing  stocks;  for  the  orchard 
conditions  in  this  test  have  been  better  suited  to  the  standard  trees 
so  that  both  in  matter  of  yield  and  in  time  of  coming  in  bearing,  the 
figures  favor  the  standards.  On  the  other  hand  there  is  no  question 
but  that  the  eye  always  favors  the  dwarf  trees.  Such  trees  are  seen 
loaded  with  fruit  and  the  conclusion  follows  that  they  have  come  in 
bearing  earlier  and  are  more  productive  than  larger  trees  which 
really  bear  more  fruit,  either  per  tree  or  per  acre,  though  seeming  to 
carry  less.  Dwarfs  are  much  more  spectacular  than  standard  trees — 
hence,  in  part,  their  reputation  for  early  and  productive  bearing. 

The  same  is  true  also  regarding  the  color  and  quality  of  the  fruit 
on  trees  of  the  two  t3rpes.  The  fruit  on  the  dwarf  tree  is  dose  to  the 
eye  and  therefore  in  stronga^  contrast  with  the  foliage,  so  it  appears 
larger  and  brighter  than  that  on  larger  trees;  but  when  picked  and 
compared  it  would  be  almost  impossible  to  teU  from  which  type 
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of  tree  the  fruit  came.  Again,  dwarf  t; 
more  severely,  the  crop  thinned,  and 
])etter  care,  which,  of  course,  make  a  moi 
j^rown  on  less  well  cared  for  standard?^, 
identical  conditions  as  possible,  as  on  th 
doubtful  whether  there  is  much  difference 
on  the  three  stocks. 

(Plates  XLV  and  XLVI  were  printed 


MILK  RECEIVES  PEW  BACTERIA  FROM  STABLE 

AIR.* 

F.  H.  HALL. 

Careful   investigation   of   pure  milk   problems  is 

False  idea      proving  that  many  current  beliefs  and  practices 

overfhrown.    are  ill  founded.    The  importance  of  many  factor 

has  been  overestimated,  as  shown  in  recent  bulletins 
of  this  Station,  which  prove  (1)  that  over-refinement  in  securing 
stable  cleanliness  and  in  certain  grooming  processes  is  without 
effect  in  reducing  the  number  of  bacteria  in  the  milk,  (2)  that  cooling 
and  straining  the  milk  need  not  increase  bacterial  contamination  if 
the  utensils  used  are  carefully  sterilized,  and  (3)  that  dairy  score 
cards  are  not  reliable  indexes  to  the  quality  of  the  milk  produced 
in  the  stables  scored.  On  the  other  hand,  the  value  of  other  agencies 
has  been  under-estimated;  since  researches  at  this  Station  and 
elsewhere  prove  (1)  that  reducing  the  size  of  the  pail  mouth  lowers 
very  materially  the  number  of  germs  in  the  milk,  (2)  that  thorough 
sterilization  of  paik  and  other  utensils  and  their  protection  from 
contamination  previous  to  use  are  more  important  measures  than 
they  have  previously  been  thought;  and  (3)  that,  with  some  cows, 
the  interior  of  the  udder  supplies  large  numbers  of  bacteria  to  the 
milk. 

An  over-emphasized  factor,  as  proven  by  investigations  here 
reported,  is  the  influence  of  stable  air  on  the  bacteria  content  of 
milk.  Practically  all  the  dairy  score  cards  now  in  use  give  several 
points  to  stable  air  and  cut  severely  for  conditions  that  tend  to 
increase  the  quantity  of  dust  therein  or  to  disturb  the  air  so  that 
the  dust  will  move  about  more  freely.  Cuts  are  also  given  for 
indications  that  dust  has  previously  been  in  the  air,  such  as  its 
presence  on  ledges,  shelves,  tops  of  mangers,  feed  racks  and  similar 
places.  Yet  the  very  careful  studies  here  reported  prove  clearly 
that  the  air  of  the  stable,  under  any  ordinary  conditions  of  dustiness 
or  disturbance,  is  an  almost  negligible  factor  so  far  as  it  affects 
the  numbers  of  bacteria  in  the  milk  produced. 

*  A  reprint  of  Popular  Edition  of  Bulletin  No.  409,  August,  1915;   f<wr  complete 

edition  see  p.  151. 
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Brfore    practical    studies    could    be    Ratisfactorily 

Pmliminary  carried  on  t<o  determine  the  number  of  bacteria  in 
work.  .stable  air  and  in  the  milk  drawn  in  the  stable  it 
was  necessary  to  test  the  accuracy  of  the  methods 
used.  Months  of  careful  work  were  spent  in  experiments  with 
diflferent  types  of  "  aeroscopes  "  or  air  filters,  and  in  comparing 
methods  of  measuring  bacterial  precipitation  from  the  air.  In  air 
filtration,  a  fixed  quantity  of  air  is  drawn  through  the  apparatus  by 
the  flow  of  water  from  a  bottle  of  known  capacity,  the  air  passing 
through  the  filter  to  take  the  place  of  the  water  drawn  out.  Air 
filters  are  of  two  general  types.  Very  fine  sand  is  used  as  the  filtering 
material  in  one  form;  and  water  or  some  other  liquid  is  used  in  the 
other  type  to  catch  and  hold  the  bacteria. 

As  air,  even  under  slight  pressure,  will  pass  through  very  minute 
crevices  or  holes,  many  precautions  must  be  taken  not  only  to  make 
an  air-filtering  apparatus  tight  so  far  as  outside  air  is  concerned, 
but  also  to  make  the  filters  perfect.  If  these  are  of  sand,  no  crevices 
or  channels  must  be  left  through  which  air  can  flow  instead  of  filter; 
and  if  the  bacteria-retaining  material  be  liquid  the  air  must  be  made 
to  pass  through  in  such  a  way  that  no  bacteria  can  escape  in  large 
bubbles. 

Much  care  must  alBO  be  used,  with  bodies  so  small  as  bacteria, 
lest  some  of  those  in  the  air  stbp  on  the  way  through  the  aeroscope 
by  adhesion  to  the  walls  of  the  tubes  or  bottles  used  and  so  escape 
counting.  These  and  many  other  minor  points  in  connection  with 
the  filtering  devices  were  studied  in  about  400  tests,  from  two  to 
six  or  more  comparisons  being  made  in  each  test.  Additional  work 
was  also  required,  involving  40  more  tests,  to  compare  the  counts 
of  bacteria  caught  either  on  exposed  plates  of  culture  media  or  in 
pails  of  water,  from  which  cultiure  plates  were  subsequently  made. 

As  a  result  of  these  long  series  of  tests,  a  modified 
Apparatus      type  of  aeroscope  was  developed  and  adopted  for 

and  methods  use  in  measuring  the  bacteria  actually  in  the  air. 
adopted.       For  estimating  the  number  of  germs  that  would  fall 

from  the  «dr  in  any  given  time,  precipitation  into 
pails  of  liquid  was  found  preferable  to  precipitation  upon  the  more 
commonly  used  plates  of  culture  media. 

Both  the  standard  sand-filter  aeroscope  and  the  Rettger  Uquid- 
filter  type  were  found  to  give  dependable  and  accurate  results  under 
proper  conditions;  but  because  it  overcame  certain  annoying  diffi- 
culties and  was  more  convenient  in  work  of  this  character,  the 
modified  standard  apparatus  was  selected  for  the  final  tests.  By 
this  modification,  developed  in  the  coiu^e  of  the  present  investigation, 
a  fused  imion  of  two  glass  tubes  is  substituted  for  a  cork  connection, 
with  its  greater  chance  of  leakage;  and  dry  sterilization  can  be  used 
instead  cS  the  steam  sterilization  necessary  with  the  original  standard 
apparatus,  which  often  leads  to  caking  of  the  sand  and  the  formation 
of  channels  and  crevices. 
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Although  thn  plat*-€xpo6uro  method  for  counting  the  bacteria 
falling  from  tho  air  has  been  used  in  nearly  all  studies  of  this  kind 
previously  made,  it  was  found  to  give  much  smaller  counts  than  the 
pail-exposure  method,  consequently  the  latter  was  chosen  for  thk 
work.  As  the  average  of  all  the  tests  made,  ten  times  as  many 
bacteria  were  found  by  the  pail  method  as  by  the  plate  method.  Iii 
the  comparisons  most  favorable  to  the  plate  method  only  one-half 
as  many  bacteria  were  counted  as  by  the  pail  method,  while  in  the 
least  favorable  cases  the  ratio  was  as  great  as  1  to  32.  This  faUure 
of  the  plate  method  to  show  all  the  bacteria  is  undoubtedly  due 
to  the  fact  that  on  plates  only  one  colony  may  develop  from  a  dust 
particle  laden  with  many  bacteria,  while  by  the  pail  method  these 
collected  bacteria  are  separated  and  more  individuals  may  grow  into 
colonies  on  the  culture  plate.  These  conditions  correspond  quite 
closely  to  those  in  the  milk  after  dust  particles  enter  it. 

From  these  preliminary  investigations  and  from 
Practical  studies  of  indirect  data  derived  from  several  sources, 
studies:  it  was  believed  "  that  the  number  of  bacteria  gain- 
Methods,      ing  access  to  the  milk  from  the  air  is  relatively 

small  in  comparison  with  the  numbers  derived  from 
the  interior  of  the  udder,  the  exterior  of  the  cow,  and  the  pail/* 
consequently  every  effort  was  made  during  the  actual  study  of  the 
bacteria  in,  or  from,  the  air  to  get  rid  of  these  other  factors  so  far 
as  possible.  An  apparatus  was  devised  by  which  it  was  possible 
to  shut  out  contamination  from  these  sources  and  to  distinguish 
quite  satisfactorily  between  the  "  washing  "  effect  of  milk  sprayed 
through  the  air  in  milking  and  the  unaided  falling  of  bacteria  into 
the  pail  as  sources  of  contamination  of  the  milk.  The  "  artificial 
cow  "  used  to  make  these  "  miUdng  "  tests  is  shown  on  page  180. 
This  consists  of  a  can  or  *' udder"  above  the  protective  plat- 
form corresponding  to  the  lower  surface  of  a  cow's  body,  and 
two  glass  and  rubber  "teats"  below  through  which  water  or 
other  Uquid  can  be  sprayed  or  "  milked,"  either  continuously  or 
intermittently  as  in  actual  milking,  into  the  pail  below.  All  necessary 
precautions  were  taken  to  make  distances  and  other  conditions 
about  this  apparatus,  when  in  use,  correspond  as  closely  as  po:«ible 
to  those  beneath  the  cow.  Tests  with  this  apparatus  and  with 
the  aeroscopes  were  made  simultaneously  for  the  pairs  or  groups  of 
comparisons,  sometimes  requiring  two  or  three  persons  to  perform 
the  necessary  operations  and  make  the  records:  (1)  The  air  was 
analyzed  for  bacteria,  using  the  modified  standard  aeroscope,  which 
was  clamp^  in  position  under  the  platform  beside  the  two  pails; 
(2)  the  "  milking  "  was  carried  on,  with  sterilized  water,  drawn  into 
sterilized  test  tubes  for  a  check  and  then  into  the  pail;  (3)  a  p«ul 
under  the  platform,  containing  sterilized  water,  was  exposed  for 
a  definite  period  and  then  protected  against  further  contamination. 
(4)  similar  determinations  of  tho  amount  of  precipitation  in  the  op«i 
stable  were  made  by  placing  pails  on  the  floor  beside  the  apparatus. 
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The  plating,  ineubatioii  of  the  bacteria  and  other  analytioal 
prooesBee,  were  made  by  methods  previously  found  to  give  reliable 
reeults,  and  were  kept  as  uniform  as  possible  throughout  any  series 
of  tests. 

This  ''  artificial  cow ''  and  the  aeroscopes  were 
Practical  used  under  many  different  conditions  and  in 
studies:       different  places  in  order  to  study  the  effect  of 

Conditions,     various  stable  operations,  disturbances  of  the  air 

and  ranges  of  dustiness  upon  the  numbers  of  bacteria 
present  or  precipitated  into  the  milk. 

In  the  Station  stable  two  series  of  tests  were  made  during  after- 
noons with  the  cows  in  the  stable,  part  of  the  series  when  grain 
was  being  fed,  part  while  the  cows  were  being  milked  and  one  test 
while  the  cows  were  being  brushed;  and  another  series  was  carried 
through  in  the  morning  while  the  cows  were  being  fed  chopped 
hay. 

As  none  of  these  tests  showed  high  numbers  of  bacteria,  in  the  air, 
falling  into  the  pail  from  the  air,  or  washed  out  of  it  by  the  milking, 
conditions  were  made  more  severe,  equalling  or  exceeding  any  that 
would  ever  be  met  in  stables.  The  pieces  of  apparatus  were  moved 
to  the  stable  loft,  in  the  upper  story  of  the  large  cattle  bam,  and 
dust  raised  artificially. 

In  the  first  series  a  dense  dust  was  raised  before  each  test  by 
stirring  up  the  hay  and  dirt  on  the  floor  of  the  loft;  and  in  the 
second  series  the  extremely  dusty  condition  was  maintained  through- 
out each  test  by  continuous  stirring  and  sweeping  of  the  refuse  on 
the  floor. 

As  the  Station  stable  presents  some  unusual  conditions,  it  was 
thought  wise  to  carry  the  investigation  into  commercial  dairy  stables 
where  surroundings  were  in  every  way  typical  of  those  ordinarily 
met,  from  good  to  bad;  not  as  complete  series  could  be  conducted 
as  in  the  Station  stable,  owing  to  the  distance  of  the  stables  from 
the  laboratory. 

However,  analyses  of  the  barn  air  were  made  in  fifteen  tests, 
five  in  summer  and  ten  in  winter,  in  one  old  stable  (A)  quite  well 
eared  for  but  with  dust  in  the  air  very  evident  at  the  time  of  each 
of  the  tests.  Conditions  were  made  very  bad  during  three  of  the 
tests  by  throwing  down  hay  and  feeding,  while  during  half  of  the 
remaining  tests  the  cows  were  eating  dry  hay  and  in  the  other  half 
milking  was  in  progress.  The  second  stable  (B)  had  been  more 
recently  constructed  than  the  first  one;  but  was  poorly  cared  for, 
the  cows  were  not  brushed,  were  covered  with  dust,  and  occasional 
ones  had  dried  manure  clinging  to  their  flanks.  Dry  feed  was  given 
to  the  cows  after  milking,  however,  and  the  air  was  not  noticeably 
dusty  at  the  three  visits  made  to  the  stable,  in  July,  January  and 
March  respectively.  The  twenty-three  tests  were  made  just  before 
milking,  during  milking,  and  while  the  cows  were  being  bedded. 


956 


Popular  Editions  of  Station  Bulletins  of  the 


Tbfi  third  ftafalft  (C)  u  one  of  tha  moBi  poorly  coDMructtd  and 
poorly  hspt  stablas  in  the  vioinity,  located  in  the  baaement  of  the 
bani;  very  poorly  lighted  and  ventilated,  the  mang»«  and  other 
fittings  are  of  wood,  the  floor,  except  immediately  under  the  cows, 
of  dirt,  pulverized  into  fine  dust,  the  walls  back  of  the  cows  spattered 
with  dry  manure,  and  dust  and  cobwebs  abundant.  Twenty  anal3rses 
were  made  here,  all  in  March,  but  under  widely  varying  conditions, 
such  as  with  barn  empty,  empty  except  for  calves  and  chickens, 
empty  but  man  removing  manure  and  com  stover,  cows  coming  in, 
while  straw  bedding  was  being  placed,  cows  in  stable  and  receiving 
grain  feed,  cows  being  brushed,  and  cows  being  milked. 

In  this  wide  range  of  conditions  the  variations 
in  the  numbera  of  bacteria  found  were,  of  course, 
great;  but  except  under  circumstances  that  would 
never  long  continue  in  ordinary  stables,  the  number 
of  germs  finding  their  way  into  the  milk  was  so 
small  as  to  be  almost  negligible. 

The  first  table  below  shows  the  average  number  of  bacteria  in 
the  air  of  the  Station  stable  or  loft  in  groups  of  tests,  with  the  inter- 
pretation of  these  numbers  in  terms  of  bacteria  falling  into  the  milk 
or  **  washed  "  into  it  by  the  milking. 

Table  I. —  Analyses  Sumicaiuzed  According  to  the  Numbeb  of  Bactebia  Peb 

Liter  of  Aib. 


Practical 
studies: 

Results. 


GeiiM  C'ONTKNT  Per 
LiTKJc  r»F  Air  between  — 

Number 

of  tests 

made. 

Average 

count 

per 

liter 

of  air. 

AVEBAQK  PRISCIPrrA- 
TIOK  IN  6  MlNUTBS. 

Bacteria 

washed 

out  of 

air  by 

••  miflr  " 

stream. 

Total 

Per 

sq.  cm. 

under 

"  cow." 

Per  c.  c. 

of  fluid 

"  milked." 

gBTJa 

cfmtent* 

in 
"  milk." 

0-100 

26 

10 

33 

7 

51 

312 

3.270 

18.644 

40 

210 

3.581 

24.264 

1.8 

6.6 

04.0 

611.0 

5.2 

26.6 

101.0 

328.0 

7.0 

101-1,000 

33.2 

1.001-10.000 

195.0 

10.000  ana  upwards 

937.0 

*  The  figures  in  this  column  are  the  sum  of  thoee  in  two  preceding  eoliunns. 

It  will  be  noted  that  even  when  the  dustiest  possible  conditions 
were  secured  so  that  the  bacteria  averaged  more  than  10,000  per 
liter  of  air,  which  happened  in  seven  tests  only,  less  than  1000  germs 
per  cubic  centimeter  got  into  the  milk,  while  in  78  tests  the  number 
was  less  than  200,  and  in  45  tests,  or  more  than  half  of  all,  the  figure 
was  below  50,  a  quantity  so  small  that  the  presence  or  absence  of 
these  bacteria  could  not  be  detected,  except  in  the  very  highest 
grade  of  milk,  by  any  method  of  bacterial  analysis. 

In  the  next  table  the  analyses  made  in  the  Station  stable  are 
grouped  in  accordance  with  the  bam  operations  then  in  progress. 
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TaMC  II.—- A94LTIM  iUMUAAXZBD  Ao<X)JftDXNQ  TO  THE   BaBN  OpXRATION  IN  PBOO- 

AT  TBZ  Tiu2  01*  Making  th£  Analtsm. 


Babn  Opbbatioiv  in  Pboobbss  at  the  Time  the 
Analtsis  Was  Made. 


1.  Bam  empty,  eveiythiiig  quiet 

2.  Bam  empty,  sweeping  floor  or  dosting  off  stanchions 

3.  Ck>wB  in  bam,  everything  quiet 

4.  Brushing  off  cows 

5.  Feeding  dry  grain 

6.  Brushing  off  cows  when  test  was  started.    Feeding  grain 

at  end  of  test 

7.  Feeding  grain  at  beginning  of  test.    Milking  started  before 

test  was  finished 

8.  Milking  in  progress 

9.  Feeding  alige  just  after  miUdng  was  finished 


Number 

Average 

of 

germ 

analyses 

content 

made. 

per  liter 

of  air. 

60 

41 

7 

135 

20 

04 

33 

130 

50 

124 

8 

190 

11 

235 

153 

111 

10 

271 

Under  none  of  these  conditions  did  the  average  number  of  bacteria 
in  the  air  reach  300  per  liter,  and  in  no  case  would  the  increase  in 
the  number  of  bacteria  from  the  air  reaching  the  milk  drawn  under 
these  conditions  be  measurable. 

Similar  results  were  secured  in  the  commercial  stables;  for  in  the 
best  stable  (B)  the  number  of  bacteria  per  liter  of  air  did  not  reach 
1000  in  any  of  the  23  tests,  was  above  500  in  only  four  tests  and 
was  100  or  less  in  nearly  half  of  them.  In  A,  the  bacteria  in  the 
air  were  above  1000  in  only  two  tests,  in  one  case  only  slightly  above 
this  figure  when  the  air  was  analyzed  shortly  after  the  cows  had 
come  into  the  bam  and  were  being  milked,  but  in  the  other  case 
reaching  16,000,  before  the  cows  were  milked  and  while  dusty  hay 
was  being  thrown  down  for  them.  In  the  other  tests,  the  germ 
content  of  the  air  ranged  from  4  to  857  per  liter  and  averaged  lees 
than  360. 

In  C,  only  two  analyses  showed  more  than  1000  bacteria  per  liter 
of  air,  and  these  were  both  less  than  4000,  with  quite  evident  reason 
for  the  increase  over  the  other  analyses  through  the  removal  of  corn 
stover  and  feeding  of  grain  during  or  shortly  before  the  taking  of 
the  air  samples.  In  this  stable  many  tests  showed  less  than  100 
bacteria  per  liter  of  air,  with  a  very  low  average  for  all. 

In  these  stables,  except  in  perhaps  one  instance,  it  would  have 
been  impossible  to  detect  the  addition  of  bacteria  from  the  air  by 
any  analysis  made  of  the  milk. 

Similar  "  precipitation  "  tests  were  made  to  compare  the  numbers 
of  bacteria  falling  into  open-top  and  small-top  pails  exposed  in  the 
stable  during  di£ferent  bam  operations,  each  exposure  continuing  five 
minutes,  approximately  the  time  required  to  milk  a  cow.    These 
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reeultB  are  summarized  in  Table  III;  and  in  Table  IV  are  given 
computed  data  showing  the  numbers  of  bacteria  In  the  milk  resulting 
from  longer  exposure,  and  with  greater  numbers  of  germs  in  the  air, 
as  in  the  tests  in  the  stable  loft. 

Table  III. —  Rbsultb  Obtained  bt  EIzposino  a  Stebilb  Liquid  in  Pailb  to  tu 

Ant  OF  THE  Open  Stabub. 

Summarised  according  to  the  barn  operation  in  i^rogreBS  at  the  time  the  test  waa  made. 


BaKN  OPUU.TION. 

PaU. 

Number 

of 

teste. 

Pracipfta- 
taoDSon 
1  aQ.<Bn. 
in  o  nain. 

Calcitlatbd  Numbsb  or  Bactkbia  Which 
WoiTLD  Be  Addbd  to  thb  Milk  Pb  C.C.  ix 

1  min. 

5  min. 

15  min. 

30  min. 

60  min 

Feeding  dry  drain 

Open... 

7 
7 

71 
71 

0.40 
2.07 

2.02 
10.35 

6.05 
31.05 

12.1 
62.1 

24  2 
124  0 

Feeding  dry 
chopped  nay. 

Loy. . . . 
Open... 

22 

22 

56 
56 

0.30 

i.eo 

1  56 
8.02 

4.60 
24.06 

9.4 
48.0 

16  7 
96  0 

Milking 

Loy 

Open... 

25 
2ft 

114 
114 

0.6 
3.3 

3.20 
16.6 

9.60 
49.8 

19.2 
99.6 

38.0 

199  0 

Table  IV. —  Calculated  Numbbb  of  Bactbbia  Which  Would  Fall  Into  an 

Open  Milk  Pail  in  Given  Lengths  of  Time 


Assumed  Pbecipitation 

ON  1  Squabb  Cbnti- 

meteb  in  5  Minutes. 


50 

100 

250 

500 

1,000 

5,000 

10,000 

50,000 


Calculated  Number  of  Bactebla  Which  Would 
Be  Added  to  the  Milk  Feb  Cubic  Centikbtbb  nr 


1  minute. 


1.5 
2.0 
7.3 
14.6 
29.2 
146 
292 
1,460 


5  minutes. 


7.3 
14.6 
36.5 
72.9 
146 
729 
1,458 
7,290 


15  minutes. 

30  minutes. 

21.9 

43.7 

43.7 

87.5 

109 

218 

219 

437 

437 

876 

2,187 

4,374 

4,374 

8,748 

21,870 

43,740 

87 

180 

437 

875 

1,750 

8,74R 

17,496 

87,480 


These  tests  and  computations  show  that  under  the  worst  of  the 
asHumed  normal  conditions,  where  the  milk  is  allowed  to  stand  an 
hour  in  the  stable  in  an  open  12-inch  pail,  the  average  number  of 
bacteria  added  to  the  milk  would  be  only  96  when  the  cows  were 
being  fed  dry  chopped  hay,  124  if  they  were  fed  dry  grain  or  199 
if  they  were  being  milked.  These  numb««  are  so  small  that  the 
addition  of  the  bacteria  i30uld  scarcely  be  detected  in  any  but  the 
highest  grade  of  milk  by  any  known  method  of  analysis.    An  exami- 
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nation  of  th«  rMult4B,  caleulattd  on  th«  basis  of  a  small-mouthed  pail, 
shows  that  a  five-cjuart  milking  could  stand  in  the  open  stable  for 
one  hour  or  longer  without  producing  any  detectable  result  so  far 
as  bacteria  added  to  the  milk  from  the  air  are  concerned. 

The  lowest  and  medium  results  obtained  in  the  stable-loft  tests 
represent  conditions  that  might  exist  in  any  stable  for  a  very  short 
time  after  such  dust-producing  operations  as  feeding  dry  hay  or 
grain,  when  exposure  of  milk  in  the  open  pail  for  any  considerable 
time  would  result  in  an  appreciable  addition  of  bacteria  to  the  milk. 
The  effect  of  such  operations  passes  quickly;  for  tests  made  within 
15  minutes  after  some  dust-producing  disturbance  showed  marked 
reduction  of  the  numbers  of  bacteria  either  in  air  or  falling  into 
the  milk  in  that  time.  The  highest  of  the  results  secured  in  the 
stable  loft  represent  conditions  that  are  scarcely  conceivable  even 
in  the  worst  commercial  dairies.  They  could  be  obtained  only  by 
attempting  to  milk  within  a  few  feet  of  the  dusty  end  of  a  threshing 
machine  or  fanning  mill.  The  precipitation  pails  exposed  under  these 
conditions  were  covered  with  a  layer  of  dirt  at  the  end  of  five  minutes. 

Of  course  the  numbers  of  bacteria  increase  very  rapidly  in  exposures 
under  such  conditions. 

While  these  investigations  show  that  the  numbers  of 

Cpnclusioii.     bacteria  present  in  stable  air  markedly  exceed  those 

found  for  country  air,  city  street  air,  air  of  offices, 
schools  or  factories,  they  prove  very  clearly  that  the  number  falling 
into  the  milk  during  milking  or  during  any  short  exposure  in  the 
stable,  under  conditions  allowable  in  any  respectable  dairy,  is  so 
small  as  to  be  negligible.  Milking  under  extremely  adverse  con- 
ditions, like  feeding  very  dusty  hay  or  grain  during  milking,  and 
especiaJly  exposure  of  milk  in  the  open  pail  for  any  considerable 
time  under  such  conditions,  should,  of  course,  be  avoided. 


A  NEW  CHERRY  AND  HAWTHORN  PEST.^ 

F.  H.  HALL. 

The  sour  cheny  is  less  subject  than  most  cultivated 

PecuUar       plants  to  injury  by  insects  or  disease  —  one  of  the 

choice  of       factors  that  have  made  this  fruit  so  popular  with 

host  plants,    growers  in  recent  years.     Plum  cureulio,  plant  Uce. 

and  San  Jose  scale,  all  very  destructive  on  other 
fruit  trees,  even  on  the  sweet  cherry,  rarely  injure  the  sour  chern. 
Within  a  few  years,  however,  a  new  pest  has  become  known 
fortunately,  only  in  a  few  restricted  areas  as  yet,  that  selects  the 
sour  cherry  in  preference  to  the  sweet  cherry;  and,  peculiarly  enough, 
it  appears  to  confine  its  work  principally  to  one  variety  of  the  sour 
cherry,  the  English  Morello.  Still  more  strangely,  the  same  insect 
attacks  the  leaves  of  shrubs  and  trees  of  an  entirely  different  specie< 
and  genus,  the  hawthorn;  and  here,  also,  it  does  not  work  indiscrim- 
inately, but  affects  certain  species  or  groups  of  species  severely 
and  allows  others  very  nearly  related  to  remain  practically  un- 
touched. No  satisfactory  explanation  has  been  found  for  thw 
restricted,  and  yet  widely  divergent,  choice  of  host  plants  by  thk 
new  pest,  the  cherry  and  hawthorn  sawfly  leaf-miner,  Profen^isa 
coUaria, 

The  adult  insects  are  small,  fly-hke  creatures  that 

The  insect     appear  only  for  a  brief  time  in  late  spring  and  eat 

and  its        little  or  nothing.     Though  similar  to  small  flies  in 

changes.       general  appearance,  they  are  four-winged  and  have 

other  characters  that  ally  them  with  bees  and  wasps, 
the  Hjrmenoptera.  They  belong  to  a  group  of  about  2000  specie>, 
the  Tenthredinoidea,  of  which  about  700  species  are  American. 
These  include  possibly  a  dozen  injurious  forms  of  which  the  pear 
slug,  the  rose  sawfly  and  the  currant  worm  arc  probably  best  known. 
The  name  "  sawfly  "  applied  to  many  members  of  this  great  group, 
comes  from  the  fact  that  the  females  are  provided  with  toothe<l 
ovipositors,  of  which  one  part  slides  upon  another  with  a  saw-like 

*  A  reprint  of  Popular  Edition  of  Bulletin  No.  411,  December,  1915;  for  ocxnplete 
edition  see  p.  403. 
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motion,  thus  cutting  or  sawing  the  plant  tissues  so  that  the  eggs 
may  be  deposited  beneath  the  surface. 

The  "  flies  "  of  the  cherry  and  hawthorn  leaf-miner  are  about 
3-16  of  an  inch  long,  mainly  black  in  color,  but  with  some  portions 
of  the  body  tinged  reddish  and  the  appendages  whitish. 

These  flies  emerge  from  pupal  cells  in  the  ground  in  early  or  mid- 
May  when  the  cherry  leaf-buds  are  opening.  They  mate  at  once 
(or  the  females,  without  mating,  may  lay  e^s  which  produce  living 
larvje),  and  place  their  eggs  through  the  upper  surface  and  close 
to  the  lower  surface  of  a  cherry  or  hawthorn  leaf.  These  eggs 
hatch  within  a  week  into  tiny,  maggot-like  larv®  which  spend  the 
five  stages  of  their  larval  life  inside  the  leaf,  each  stage  being  ended 
by  a  molt.  The  development  of  the  larva  requires  about  a  month, 
after  which  it  cuts  its  way  to  the  surface  of  the  leaf,  drops  to  the 
ground  and  forms  a  hard  pupa-case  of  earth  in  which  to  spend  the 
summer,  winter  and  early  spring  and  to  change  to  the  adult  sawfly. 

The  larvfiB  eat  the  leaf  tissue  between  the  two  sur- 

Work  of       faces,   forming   narrow   twisting   tunnels,   at   first 

larvie.         near  the  margin  of  the  leaf,  but  later,  as  the  tunnels 

enlarge,  worWng  toward  the  center  of  the  leaf  or 
crossing  it  at  the  tip  and  working  down  the  opposite  side.  The 
destruction  of  the  pulpy  tissues  leaves  the  upper  cuticle  or  thin 
membrane  covering  the  leaf,  making  a  wide  line,  a  blister  or  a  patch 
of  grayish  brown,  dead  tissue  on  the  leaf.  Sometimes  a  half  dozen 
miners  may  work  in  a  single  leaf  so  that  a  great  part  of  the  tissue 
is  destroyed  and  the  blister-like  patches  become  so  large  that  the 
foliage  appears  as  though  struck  with  a  blight.  With  the  cultivated 
hawthorns,  which  are  used  as  ornamentals,  this  disfiguration  is  some- 
times quitie  serious. 

With  both  cherry  and  hawthorn,  however,  the  leaves  affected 
are  only  those  that  have  appeared  before  the  middle  of  May,  since 
egg-laying  by  the  sawfly  ceases  about  this  time,  and  there  is  no 
second  brood.  The  larva  remains  in  the  same  leaf,  so  the  foliage 
that  unfolds  later  escapes  injury.  In  ordinary  seasons  of  good 
leaf-growth,  the  actual  damage  to  the  trees  is  probably  slight,  since 
new  leaves  soon  appear  to  replace  those  mutilated.  If  the  conditions 
should  happen  to  be  very  unfavorable  for  foliage  production  the 
trees  might  suffer  noticeably  from  an  especially  numerous  brood 
of  the  "  miners,"  and  the  setting  fruit  be  checked  in  development. 
It  is  very  difficult  to  estimate  the  damage  from  such  partial  de- 
foliation, though,  unless  it  be  continued  over  a  considerable  period 
of  years. 

The  work  of  the  insect  was  first  brought  to  the 
History  and  attention  of  the  Station  Entomologist  in  1910, 
distribution,    through  infested  leaves  sent  by  a  cherry  grower 

near  Geneva.    The  larvse  from  infested  leaves  came 
to  maturity  in  1910  and  as  they  were  of  an  unknown  species  speci- 
al 
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mens  were  sent  for  identification  to  on  authority  in  the  group  to  which 
the  insects  belong.  He  found  it  to  be  a  new  species  and  ^so  placed 
it  in  a  new  genus,  but  reported  that  similar  specimens,  in  too  poor 
condition  for  description,  had  been  found  in  hawthorn  leaves  sent 
from  the  vicinity  of  Boston. 

Subsequent  investigations  and  search  have  found  the  insect  at 
work  in  several  cherry  orchards  near  Geneva,  and  in  others  in  the 
Hudson  Valley,  while  it  has  been  discovered  in  hawthorns  about 
Geneva,  Bochester,  Ithaca,  Skaneateles  and  New  York  City.  Careful 
watch  has  been  kept  for  it  in  cherry  orchards  in  other  parts  of  the 
State,  but  if  present  elsewhere  than  about  Geneva  and  Germantown 
it  is  probably  in  very  restricted  numbers. 

Control    methods    have    been    quite    thoroughly 
Methods       tested  for  three  years  in  an  orchard  near  Geneva, 

of  controL      but   without   discovering   any   certain   preventive 

treatment.  The  most  practicable  appears  to  be 
the  removal  and  burning  of  infested  leaves  in  late  May  or  eaHy 
June,  with  destruction  of  wild  hawthorns  near  the  cherry  orchard 
and  with  late  summer  and  early  spiing  plowing  and  working  of 
the  ground  to  expose  the  pupa  cases  to  the  weather  and  to  birds. 

Fumigation  with  hydrocyanic-acid  gas  is  a  sure  method  of  destroy- 
ing the  larvffi  in  the  leaves,  but  is  hardly  to  be  recommended  because 
of  the  necessity  of  special  equipment,  with  consequent  expense, 
and  the  inconvenience. 

Spraying  with  practically  all  forms  of  contact  insecticides  proved 
ineffective  against  the  larvse  on  cherry,  hidden  as  they  are  inside 
the  leaves;  but  on  hawthorn  a  strong  soap  solution,  with  nicotme, 
grayed  on  the  leaves,  seemed  to  penetrate  the  tunnels  and  destroy 
the  miners  It  was  found  impossible  to  poison  the  adults,  even 
by  using  a  sweetened  arsenate  spray;  and  very  few  of  them  were 
killed  by  attempts  to  reach  them  with  contact  insecticides. 

Fortimately,  at 'least  two  natural  enemies  have  been  found,  one 
of  them  a  new  species,  which  parasitize  the  eggs  or  the  larvse  and  so 
destroy  them.  It  is  quite  probable  that  these  and  other  enemies, 
with  the  ordinary  destruction  by  severe  weather,  will  hold  the 
pest  in  check  except  for  rare  outbreaks. 

(Plates  XXVIII  and  XXIX  were  printed  in  this  Popular  Edition.) 


WHY   AND   HOW   PASTEURIZE  DAIRY 

BY-PRODUCTS.* 

F.  H.  HALL. 

Pasteurization  of  dairy  products  and  by-products 

Pasteuriza-    serves  two  purposes,  chiefly,  of  which  protection  of 

tion  protects    health  is  by  far  the  more  important.    When  we 

healHi.        demand  that  the  process  be  appUed  to  milk  or  cream 

it  is  usually  in  order  to  prevent  danger  to  ourselves, 
and  particularly  to  our  babies  and  children,  from  mifik-borne  diseases 
or  intestinal  troubles  due  to  the  germs  that  cause  or  accompany  milk 
fennentations.  That  pasteurization  prolongs  the  period  of  palata- 
bility  of  milk  and  cream  and  thus  influences  their  food  value,  and  that 
the  process  enables  the  buttermaker  to  secure  a  better  or  more  uni- 
form product,  are  incidental  benefits  that  have  a  direct  financial 
appeal;  but  it  is  the  argument  for  "  safety  first "  in  milk  handling 
that  has  compelled  the  passage  of  so  many  laws  and  ordinances  mak- 
ing pasteurization  a  requirement  before  milk  of  uncertain  sanitary 
quality  is  distributed  to  consumers. 

The  same  argument  for  health  preservation  applies,  though  less 
directly,  in  favor  of  pasteurizing  dairy  by-products  —  skim  milk 
and  whey  —  which  serve  only  rarely  as  food  for  man,  but  most  com- 
monly as  food  for  farm  animals.  The  unpasteurized  by-products 
sent  back  to  the  farms  from  skimming  stations  and  butter  and  cheese 
factories  may  carry  the  germs  of  disease  from  any  herd  in  the  commun- 
ity to  any  or  all  others.  Many  instances  are  known  in  which  this  has 
actually  occurred.  Thus,  new  animals  become  infected,  and  through 
these  animals  the  danger  of  spreading  disease  to  human  beings  is 
increased  and  the  possibility  of  eradicating  plagues  like  tuberculosis 
reduced. 

But  in  favor  of  pasteurizing  dairy  by-products,  a 

Other  benefits  strong  financial  appeal  can  be  made:   In  the  first 

from  by-prod-  place,  the  advent  of  any  communicable  ailment  like 

uct   pasteuriza- tuberculosis  or  foot-and-mouth   disease  among  a 

tion  farmer's  cattle  or  swine  always  means  both  direct  and 

indirect  financial  loss;  and  pasteurization  effectively 
guards  one  of  the  avenues  by  which  such  diseases  come,  thus  protect- 
ing the  herd  owner  against  this  loss.  Second,  pasteurization  preserves 
unaltered  for  considerable  periods  the  palatability  and  the  food  value 

*  A  reprint  of  Popular  Edition  of  Bulletin  No.  412,  December,  1915;  for  complete 
edition  see  p.  385. 
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of  the  by-products  and  so  prevents  a  financial  loss  that  would  other- 
wise be  certain.  In  unpasteurized  whey  lactic-acid,  alcholic,  and  other 
fermentations  take  place  due  to  the  unchecked  activities  of  bacteria 
and  yeasts;  and  these  fermentations  lead  to  changes  in  the  food  com- 
pounds that  lower  their  energy-producing  power  in  the  body.  Third, 
pasteurization  prevents  some  cUrect  losses  of  food  constituents  that 
result  from  the  usual  handling  of  whey,  and  makes  it  possible  to  secure 
more  uniform  and  more  fair  distribution  of  the  valuable  compounds 
to  the  patrons  of  the  factory.  In  unpasteurized  whey  the  fat  soon 
rises  to  the  top  of  the  whey  tank  in  a  layer,  so  that  the  firet  few  patrons 
who  dip  out  whey  secure  nearly  all  of  the  fat;  while  if  the  whey  is 
drawn  from  the  bottom  of  the  tank  the  last  man  to  be  served  may  get 
the  fat.  When  the  whey  is  pumped  from  the  bottom,  the  fat  remains 
in  the  tank,  gradually  forming  an  unsightly,  ill-smelling  mass  which 
is  the  home  of  countless  millions  of  germs.  In  such  cases  the  patrons 
lose  practically  all  of  the  food  value  of  the  fat.  Pasteurization  retards 
the  rising  of  the  fat  and  keeps  it  evenly  distributed  throughout  the 
liquid  so  that  it  is  all  drawn  out  with  the  whey  and  fairlj^  divided 
among  the  factory  patrons.  Fourth,  pasteurization  of  whey  frees 
it  from  many  undesirable  organisms  which  cause  trouble  in  making 
cheese  when  farmers'  cans  become  seeded  with  them. 

The  advantage  of  pasteurization  of  dairy  by-prod- 

Attempt  to  se-  ucts  and  the  comparative  ease  and  inexpensiveness 

cure  law  fails,  of  its  application  have  led  several  states  to  enact 

laws  making  it  compulsory  at  all  factories  and  stations 
that  return  by-products  to  their  patrons.  The  New  York  State  Com- 
mission for  the  Investigation  of  Bovine  Tuberculosis,  with  other 
organizations  and  individuals,  urged  the  passage  of  such  a  law  for 
this  State  in  1914,  but  failed  to  secure  it.  This  Commission  believes 
that  the  opposition  to  such  a  law  was  based  largely  on  ignorance  of 
the  good  efifects  of  pasteurization  and  an  erroneous  idea  of  the  diffi- 
culty and  expense  of  pasteurizing  products  of  this  character. 

The  Commission  requested  the  Station    to  make 
Investigation  investigations  to  ascertain  the  practicability  and 
desired.       value  of  pasteurization  and  of  the  conditions  nec- 
essary to  make  the  process  efficient.     Cooperation 
with  the  Commission  was  agreed  to  and  series  of  studies  made  during 
the  summer  and  fall  of  1915  at  seven  cheddar  cheese  factories  and 
two  skimming  stations  where  pasteurization  of  by-products  is  already 
in  operation  though  not  demanded  by  law. 

It  speaks  well  for  the  merits  of  pasteurization  to  learn  that  the 
process  has  been  voluntarily  adopted  at  fifty-five  cheese  factories  in 
the  State ;  and  that,  so  far  as  can  be  learned,  it  has  not  been  abandoned 
at  any  place  after  its  introduction.  Patrons  of  the  factories  seem 
sufficiently  well  pleased  with  the  improvement  in  the  quality  of  the 
by-products  returned  to  bear  all  or  nearly  all  of  the  slight  expense 
of  pasteurizing;  and  the  owners  of  several  large  factories  see  enough 
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benefit  from  the  cheesemaker's  side  to  do  the  work  for  less  than  its 
actual  cost.  This  cost  should  not  greatly  exceed  one  cent  for  each 
hundred  pounds  of  whey  and  may  be  as  low  as  one-half  cent. 

In  making  the  investigations  a  man  was  sent  to 
Station  the  different  factories  and  stations  to  observe  the 
studies.       general  arrangements  for  pasteurization   and  the 

actual  conditions  resulting  from  its  use,  to  note  the 
temperatures  secured  during  the  heating  of  the  whey  or  skim  milk 
and  the  rate  of  cooling  as  the  material  passed  to  and  stood  in  the 
distributing  tank;  and  to  take  samplfes  of  the  by-product  before, 
during  and  at  various  intervals  after  pasteurizing.  In  a  few  cases 
bacteriological  examination  of  these  samples  was  made  at  or  near  the 
factory,  but  in  most  instances  the  bottles  were  iced  and  sent  as 
quickly  as  possible  to  the  Station  laboratory  where  careful  study  of 
the  samples  could  be  made. 

Pasteurization    merely    means    heating  liquids  or 

What  is  legal  other  materials  to  such  a  point  that  disease  germs 

pasteurization?  shall  be  destroyed  and  other  undesirable  organisms 

so  reduced  in  number  that  their  action  shall  not 
become  noticeable  for  a  considerable  time.  Various  temperatures 
and  periods  of  time  may  be  used  to  secure  these  results;  so  it  is  not 
surprising  to  find  that  the  legaJ  requirements  for  pasteurization  differ 
considerably  in  different  states.  A  wider  range  is  possible  in  treating 
by-products  than  in  heating  milk  and  cream,  since  too  high  tempera- 
ture or  too  long  continued  heating  affects  the  flavor  of  these  products 
and  makes  them  distasteful  to  many  consumers.  This  slight  change 
in  flavor  can  be  disregarded  in  case  of  food  for  animals;  so  the  states 
compelling  pasteurization  of  by-products  usually  require  tempera- 
tures high  enough  not  only  to  destroy  most  of  the  germs  present  but 
also  to  so  change  the  by-product  itself  that  a  simple  chemical  test 
will  show  whether  or  not  it  has  been  pasteurized  and  thus  furnish 
evidence  for  the  prosecution  of  violators  of  the  law.  The  Iowa  law 
requires  the  heating  of  dairy  by-products  to  185°  F.,  the  Minnesota 
law  to  180**  F.,  and  the  Pennsylvania  law  to  178°  F.,  any  of  which 
temperatures  would  insure  satisfactory  germ  control  and  furnish  evi- 
dence that  the  milk  had  been  heated.  The  Michigan  law  requires 
185°  F.  for  "  flash  "  treatment  (heating  without  holding),  but  also 
allows  holding  at  145°  for  thirty  minutes  as  an  alternative  method. 
This  temperature  and  time  will  destroy  most  bacteria  and  all  known 
disease-causing  organisms. 

In  only  one  of  the  seven  cheese  factories  visited  in 

General  eflici-  connection  with  the  investigations  were  the  temper- 

ency  of         atures  secured  in  pasteurizing  the  whey  high  enough 

New  York     to  meet  the  requirements  of  any  of  the  laws  except 

pasteurization,  those  allowed  in  Michigan  for  an  alternative  method. 

The  temperature  at  the  one  exceptional  factory  rarely 
reached  178°  F.    Two  of  the  factories  did  not  meet  the  Michigan 
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*'  holding  "  requirements  (145**  for  30  minutes)  and  these  two  lost 
some  of  the  value  of  the  partial  pasteurization  by  adding  separator 
slop  or  water  to  the  whey  after  the  temperature  was  too  low  to 
pasteurize  the  added  material.  A  third  factory,  though  using  tem- 
peratures high  enough  to  secure  efficient  pasteurization,  made  the 
whole  process  unsatisfactory  by  adding  unheated  liquid  to  the 
partially  cooled  whey. 

In  four  of  the  seven  factories  the  pasteurization  was  effective, 
both  as  judged  by  the  general  condition  of  the  whey  in  the  distrib- 
uting tank  and  by  the  bacterial  analysis  of  the  samples  tak^i.  In  all 
four  of  these  factories  the  pasteurization  was  by  means  of  a  steam 
line  running  into  the  whey  tank.  This  is  apparently  a  more  effective 
method  than  by  the  addition  of  steam  to  the  whey  or  skim  milk 
by  the  "jetting,"  or  injector-pump,  method  of  trfmsferring  the 
material  about  the  factory  and  to  the  distributing  tank.  One  dis- 
advantage of  the  direct-pipe  method  is  that  a  factory-man  may 
occasionally  shut  off  the  steam  supply  a  little  too  soon.  The  addition ' 
of  steam  in  the  jetting  or  double  "  jetting  "  method  is  more  positive, 
but  is  usually  insufficient  to  heat  the  whey  to  the  temperature 
necessary  to  produce  satisfactory  pasteurization;  and  if  the  system 
breaks  down  at  any  time  and  the  material  runs  to  the  tank  by  gravity 
only,  with  no  supplementary  method  of  heating  provided,  of  course 
no  pasteurization  of  that  day's  whey  is  possible.  This  was  found 
to  occur  occasionally. 

By  either  method  of  treatment,  approximately  eight  pounds  of 
water  is  added,  as  steam,  to  each  one  hundred  pounds  of  whey  pas- 
teurized. This  dilution  is  not  a  serious  defect;  since  the  patrons 
lay  more  stress  on  quantity  than  on  quality  of  product  —  a  condi- 
tion leading  sometimes  to  the  direct  addition  of  considerable  water 
to  the  whey  in  order  that  the  last  patrons  may  get  their  full  share, 
even  if  the  first  ones  take  somewhat  more  than  they  should. 

At  Factory  A  the  whey  was  heated  by  direct  steam 

Conditions  at  in  a  half-buried  tank  outside  the  factory,  after  it 

factories.      had  been  siphoned  out  of  the  making  vats  onto  the 

floor  and  had  run  through  a  trench  in  the  floor  and 
a  buried  pipe  to  the  tank.  It  was  the  intention  of  the  cheesemaker 
to  heat  the  whey  to  at  least  160°  F. ;  but  the  readings  of  a  recording 
thermometer  in  the  tank,  taken  every  day  for  nearly  six  weeks, 
showed  that  the  temperature  was  usually  higher  than  this  and 
occasionally  reached  178°  F. 

Though  the  tank  itself  was  seldom  cleaned  and  its  sides  were 
thickly  scaled  over,  the  whey  was  so  well  pasteurized  by  the  heating 
that  it  appeared  in  good  condition  on  each  of  the  three  days  when 
samples  were  taken  and  had  a  clean,  sweet  smell  very  different  from 
that  of  unpasteurized  whey.  The  fat  remained  perfectly  suspended 
in  the  tank,  and  the  albumin,  though  curdled  and  tending  to  sink, 
was  easily  dipped  out  with  the  whey.    Bacteriological  analyaes 
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showed  exceedingly  satisfactory  reduction  in  numbers,  150,000,000 
per  unit  in  the  raw  whey  on  one  day  being  reduced  to  51  in  the  pas- 
teurized whey  four  and  one-half  hours  later,  63,000,000  on  the  next 
day  reduced  to  700  three  hours  later,  and  70,000,000  the  third  day 
falling  to  6000  when  the  steam  had  been  off  forty-five  minutes. 
The  pasteurized  whey,  after  standing  all  night  in  the  tank,  showed 
comparatively  small  numbers  of  the  imdesirable  bacteria,  which 
are  active  at  ordina;ry  open  air  temperatures;  but  contained  very, 
large  numbers  of  an  acid-producing  form  that  finds  its  best  con- 
dition for  growth  at  or  above  body  temperature  and  survives  higher 
temperatures  than  most  other  bacteria.  The  presence  of  this  organism 
was  not  revealed  by  the  usual  laboratory  handling,  but  only  after  incu- 
bating the  culture  plates  for  two  additional  days  at  a  higher  temper- 
ature. The  occurrence  of  this  bacillus,  B,  bvlgaricusj  has  undoubtedly 
often  been  overlooked,  and  its  presence  in  such  abundance  is  one 
of  the  surprises  of  this  investigation.  It  produces  a  clean,  rapid 
souring  of  milk  which  is  not  specially  undesirable  and  which  is  nec- 
essary in  making  certain  types  of  cheese.  Its  activity  in  the  slowly 
cooling  pasteurized  whey  checks  the  development  of  other  less  de- 
sirable germs. 

At  Factory  B  the  whey  was  "  jetted  "  twice,  first  from  the  making 
vat  to  a  tank  on  the  second  floor,  from  which  it  ran  by  gravity  to  a 
fat  separator,  then  to  a  barrel  from  which  it  was  jetted  to  a  wooden 
tub-tank  outside.  The  whey  cooled  off  rapidily  in  running  through 
the  pipes  to  this  tank,  particularly  in  cold  weather,  and  separator 
slop,  washings  and  added  water  were  rim  into  the  whey  tank,  usually 
after  the  whey  had  cooled  below  the  pasteurizing  point.  The  tank 
was  kept  clean,  the  whey  smelled  sweet,  and  the  albumin  was  not 
coagulated;  so  that,  on  the  whole,  the  patrons  were  getting  a  much 
better  product  than  before  pasteurizing  had  been  introduced.  How- 
ever, the  temperatures  used  and  held  in  the  tank  would  not  always 
insure  destruction  of  the  tubercle  bacillus,  nof  was  the  reduction 
in  the  number  of  the  other  germs  wholly  satisfactory.  The  greatest 
reduction  was  only  to  11,600  germs  per  unit  after  the  whey  had  stood 
30  minutes,  and  later  the  numbers  rapidly  increased  again,  especially 
when  separator  slop  was  added. 

At  Factory  C  conditions  were  much  the  same  as  at  B,  the  whey 
being  "  jetted  "  twice  and  separator  slop  being  added.  The  whey  was 
also  cooled  quite  rapidly  by  having  to  rim  a  long  distance  through  a 
pipe  after  the  second  "  jetting  ".  The  whey  was  undoubtedly  im- 
proved for  the  patrons'  use,  but  not  as  much  as  it  would  have  been  by 
thorough  pasteurization;  and  danger  of  the  spread  of  tuberculosis 
was  not  eliminated. 

A  Victor  pasteurizer  is  used  at  Factory  D.  This  is  a  small,  hori- 
zontal, metal  cylinder  into  which  live  steam  is  admitted  and  mixes 
with  the  whey  as  it  passes  through.  The  whey  is  **  jetted  "  from 
the  making  vat  to  a  fat  separator  and  then  passes  through  the  pas- 


958        Popular  Editions  of  Station  Bulletins  op  the 

teurizer,  in  which  the  temperature  can  be  readily  controlled.  Very 
satisfactory  germ  control  could  easily  be  secured;  but  the  whey  flows 
by  gravity  to  a  tank,  in  which  it  cools  quite  rapidly,  after  which  the 
separator  slop  is  added,  making  the  destruction  of  disease  germs  ver}' 
imcertain. 

At  Factory  E  and  at  Factory  F,  direct  steam  to  the  tank  secures 
very  satisfactory  pasteurization  of  the  whey.  The  process  is  aided 
in  E  by  one  "  jetting  "  of  the  whey,  but  is  handicapped  by  having 
the  tank  so  far  from  the  source  of  steam  that  much  heat  is  lost  by 
radiation.  Reduction  of  the  bacteria  coimts  from  over  50,000,000 
to  2,000  or  less  were  secured,  the  fat  remained  well  suspended  and 
the  whey  was  in  fine  condition  for  feeding.  At  Factory  F  the  raw 
whey  was  not  so  thoroughly  seeded  with  bacteria  as  at  E,  and  the 
final  counts  were  reduced  to  the  same  satisfactory  figures. 

At  Factory  G,  where  conditions  were  about  as  at  F,  similar  reduction 
in  the  number  of  the  bacteria  was  secured  on  one  day  of  the  three 
when  samples  were  taken,  and  the  pasteurization  was  undoubtedly 
eflScient  on  all  three  days,  so  far  as  disease  germs  are  concerned.  But 
on  two  days  the  whey  from  the  making  vat  was  very  heavily  seeded 
with  Bacillus  bvlgancus,  which  resists  quite  high  temperatures 
and  did  not  perish  at  the  temperatures  used  —  not  exceeding  156*^  F. 
In  consequence,  the  numbers  of  bacteria  developing  from  pasteurized 
whey  on  plates  carried  for  the  added  two  days  at  high  temperature 
were  still  in  the  millions.  These  bacteria,  though  souring  the  whey 
rapidly,  did  not  give  it  any  undesirable  characteristics. 

At  an  eighth  factory  a  sample  of  old,  unpasteurized  whey  was 
taken  from  a  tank  which  looked  and  smelled  like  an  old  swill  barrel  — 
one  that  had  never  been  cleaned.  On  this  tank  the  fat  had  collected 
in  a  layer  that  could  not  be  drawn  off  through  the  pump  until  it 
had  become  very  unsightly  and  foul  smelling.  Samples  of  this  whey 
gave  counts  of  only  4,000,000  germs  per  unit  on  plates  incubated  as 
described  for  this'  investigation;  but  microscropic  counts  showed 
1,500,000,000  Bacillus  bulgaricus  and  30,000,000  yeasts  in  addition 
to  these. 

The  observations  made  and  figures  secured  at  the 

Best  method    separate  factories  indicate  clearly  that  the  heating 

of  pasteurizing  of  whey  in  the  distributing  tank  by  direct  steam 

whey.        is  the  most  convenient,  most  reliable  and  most 

effective  method  of  pasteurizing,  as  it  is,  also,  the 

least  expensive. 

At  one  of  the  skimming  stations  where  pasteurization 

Pasteurizing    of  skim  milk  was  attempted,  the  results  were   far 
skim  milk,     from  satisfactory  on  the  first  day  of  testing,  when 

the  matter  of  temperature  was  left  to  the  operator. 
A  Reid  flash  pasteurizer  was  used  and  the  temperature  supposed  to 
be  secured  was  160*^  F.,  but  in  reality  it  did  not  rise  above  'about 
152^  F.  and  in  two  of  the  runs  was  less  than  145°.    By  heatiug  to 
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152**  F.  the  bacteria  count  was  reduced  from  1,000,000  to  63,000; 
but  the  milk  was  pumped  from  the  pasteurizer  to  the  distributing 
tank  and  the  pump  and  pipe  were  evidently  so  seeded  with  genns 
that  a  sample  of  the  supposedly  pasteurized  milk,  taken  from  this 
tank,  showed  a  higher  coimt  than  before  pasteurizing.  By  runs  at 
lower  temperatures  (143°  and  144°)  the  counts  were  not  reduced 
below  500,000;  but  the  washing  and  heatir^  of  pump  and  pipe  by 
the  hot  milk  gradually  disposed  of  some  of  their  unfavorable  influence, 
so  that  at  the  last  test  the  count  in  the  tank  was  lowest. 

On  the  second  day  the  temperature  was  raised,  by  request  of  the 
bacteriologist  making  the  tests,  and  runs  at  162°  and  170°  reduced 
the  counts  to  8,000  and  500,  respectively,  in  the  milk  as  it  left  the 
pasteurizer;  while  the  counts  were  not  high,  even  in  the  tank  —  espe- 
cially not  on  the  last  run  when  the  full  effect  of  the  flow  of  the  hot 
milk  through  pump  and  pipes  was  shown. 

In  the  second  skimming  station,  the  milk  is  heated  in  a  tank  by 
using  a  Wizard  agitator,  and  the  count  was  reduced  from  616,000  to 
43,000  by  holding  the  milk  at  155°  F.  for  30  minutes;  and  as  the  milk 
was  promptly  cooled  to  about  50°  F.  the  count  had  not  increased 
greatly  when  the  milk  was  returned  to  the  patrons  20  hours  later. 

By  admitting  live  steam  into  the  pipe  through  which  the  milk  is 
pumped  from  the  separator  to  the  agitator  tank  the  temperature  was 
raised  to  between  175°  and  180°,  whereby  the  death  of  98  per  ct.  of 
the  bacteria  was  secured.  The  milk,  drawn  into  an  unwashed  can 
at  a  temperature  of  146°  F.,  stood  for  30  hours  at  a  temperature  of 
about  70°  without  souring. 

So  far  as  these  studies  show  there  are  two  general  methods  of 
pasteurizing  skim  milk  satisfactorily:  the  holding  process  with  sub- 
sequent cooling  and  returning  of  milk  to  patrons  the  following  day, 
and  the  flash  system. 

The  first  is  expensive  because  of  the  cost  of  equipment  and  cooling, 
and  may  give  unsatisfactory  results  unless  carefully  controlled. 

By  the  flash  method  of  heating,  a  regular  milk  pasteurizer  may  be 
used,  though  somewhat  expensive,  or  some  simple  arrangement 
may  be  adopted  by  which  condensed  steam  is  added  directly  to  the 
milk.  In  either  case  the  best  results  are  secured  when  the  milk  is 
turned  back  immediately  to  the  patrons  and  put  in  the  cans  at  a 
temperature  that  will  hold  it  above  145°  for  30  minutes.  This  will 
destroy  most  of  the  bacteria  in  the  can  and  the  milk  will  remain 
in  good  condition  for  a  considerable  time.  By  prompt  cooling  on  re- 
turn to  the  farm  the  length  of  keeping  can  be  extended. ' 


GUIDE  TO  BUILDINGS  AND  GROUNDS  * 

LAND. 

The  field  experiments  of  the  Station  are  carried  out  on  two 
farms  which  are  the  property  of  the  State  and  one  leased  farm, 
at  Geneva;  on  two  farms  leased  for  grape  culture,  at  Fredonia 
and  at  Urbana;  on  a  leased  orchard  near  Rochester;  on  a  leased 
hop  vineyard  near  Cooperstown,  and  on  farms  and  orchards  to  the 
number  of  half  a  hundred  or  more  distributed  throughout  the  State, 
on  which  work  is  done  in  cooperation  with  the  owners. 

The  main  farm,  on  which  most  of  the  Station  buildings  are  located, 
consists  of  two  parcels,  one  of  126  acres  south  of  North  street  and 
between  Castle  street  on  the  east  and  Preemption  road  on  the  west, 
the  other  of  3  acres  on  the  north  side  of  Castle  street.  Adjoining 
the  latter  parcel  on  the  east  is  the  leased  farm  of  30  acres. 

The  new  farm  (Crittenden  farm)  of  86  acres  comers  on  the  main 
farm  at  the  northwest. 

BUILDINGS. 

Coming  from  Geneva  by  way  of  Castle  street,  a  small  dwelEng 
house  (First  Assistant's)  just  before  the  curve  of  Castle  street  to 
the  north,  is  the  first  of  the  Station  buildings.  Following  this  are 
dwelling  houses  occupied,  in  order,  by  the  Botanist,  Horticulturist, 
Entomologist,  Bacteriologist  and  Dairy  Expert. 

On  the  comer  of  Castle  street  and  North  street  is  the  Director's 
residence,  and,  in  succession  toward  the  west,  the  Biological  and 
Dairy  Building,  Administration  Building  and  Chemical  Laboratory. 
Across  North  street,  northwest  of  the  Administration  Building,  are  a 
*'  Triple  House  "  occupied  by  the  Chemist,  Agriculturist  and  Editor, 
and  a  small  dwelling  for  the  Engineer. 

South  of  the  Biological  Building  are  the  Forcing  Houses;  south  of 
the  Administration  Building  is  a  small  stone  building  for  storage, 
and  west  of  this  a  carpenter  and  repair  shop  and  a  fruit-stora^ 
building. 

The  Horse  Bam  will  be  found  to  the  southeast  of  the  Administra- 
tion Building,  and  south  of  this  the  Cattle  Bam.  The  noteworthy 
features  of,  or  in,  the  latter  bam  are  the  King  ventilation  system 
by  which  the  air  of  the  stables  is  kept  pure;  upright  stave  and  hori- 
zontal hoop  silos;  feed  storage  bins  arranged  for  convenience  in 
filling  and  using;  milking  machine  installation;  general  stable  con- 
struction to  secure  sanitary  conditions;  and  the  dairy  herd  of  26 
Jersey  cows,  more  than  half  of  which  are  the  descendants  of  two  dams. 

*  A  reprint  of  Circular  No.  42,  August  2,  1015. 
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South  of  the  cattle  bam  is  a  manure  shed,  with  cement  floor  and 
drainage  tanks.  An  Ice  House  lies  west  of  the  Horse  Bam,  a  large 
Tool  and  Implement  Storage  Building  west  of  the  Cattle  Bam,  and 
the  Goat  House  west  of  the  manure  shed.  Cornering  on  the  Cattle 
Bam  at  the  southwest  is  a  covered  exercise  yard  for  the  dairy  herd. 

The  Poultry  Houses  are  some  distance  southeast  of  the  group  of 
bams,  on  the  bank  of  Castle  Creek,  which  crosses  the  main  Station 
farm,  and  supplies  a  small  pond  from  which  ice  is  cut.  The  poultry 
work  consists  mainly  of  experiments,  with  few  breeds  and  com- 
paratively small  numbers  of  birds,  at  present  to  determine  the 
importance  of  calcium  in  the  food  and  of  some  other  mineral  nu- 
trients, to  ascertain  certain  principles  of  breeding,  and  to  answer  a 
number  of  feeding  questions,  among  them  the  utilization  and  im- 
portance of  coarse  and  succulent  vegetable  foods. 

On  the  leased  farm  is  one  dwelling  house  and  on  the  Crittenden 
farm  two,  for  laborers,  and  on  the  latter  a  large  bam  for  storing 
grain  and  hay. 

laboratories  and  offices. 

In  the  Biological  Building  at  the  right  of  the  entrance  is  the 
office  of  the  Dairy  Expert,  and  near  it  the  rooms  for  dairy  work. 
In  the  first  of  these  will  be  found  a  large  sink  with  hot  and  cold 
water  and  steam  for  cleansing  utensils  and  a  steam  chest  for  steril- 
izing them;  a  large  circular  revolving  churn  and  butter-worker; 
large  and  small  table  butter- workers;  equipment  for  testing  Babcock 
glassware;  a  four-compartment  chum,  cream  separators  of  several 
types  and  a  Danish  continuous  pasteurizer.  Above  the  buttcr- 
inaking  apparatus  is  a  large  brine  tank  with  ammonia  expansion 
coils  for  reducing  temperature.  Communicating  with  this  room  is 
a  large  storage  closet  also  provided  with  tanks  and  pipes  for  refriger- 
ation. In  a  smaller  room  adjacent  are  different  forms  of  Babcock 
fat  testers,  and  in  the  large  room  at  the  rear  tanks  and  presses  for 
cheesemaking.  On  the  floor  above,  on  the  same  side  of  the  building, 
are  four  refrigerator-construction  rooms  for  cold-curing  cheese,  in 
which  temperature  can  be  maintained  automatically,  with  a  variation 
of  little  more  than  a  degree,  at  any  point  between  freezing  and 
ninety  degrees. 

On  the  left  side  of  the  first  floor  are  the  rooms  of  the  Horticultural 
Department,  that  of  the  Horticulturist  nearest  the  entrance.  These 
are  mainly  office  rooms,  though  one  is  equipped  with  the  necessary 
laboratory  outfit  for  studies  in  fruit  breeding  and  fruit  growing. 
Here  fruit  identifications  are  made  and  the  notes  are  filed  for  the 
monographs  published,  and  to  be  pubUshed,  by  the  Station  on  apples, 
grapes,  plums,  cherries,  etc.,  and  for  the  bulletins  on  development, 
cultivation,  training  and  general  management  of  fruits  and  vegetables. 
Among  books  belonging  to  the  Station  library  but  filed  in  this  De- 
partment are  many  most  interesting  treatises  on  fruits,  some  of  them 
very  old  and  rare.  Wax  models  of  apples  and  grapes  are  shown  in 
museum  cases. 
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On  the  second  floor  of  this  building,  on  the  west,  are  the  offices  of 
the  Bacteriologist  and  his  assistants  and  the  laboratory  for  the 
study  of  these  minute  forms  of  Ufe.  The  interesting  pieces  of  ap- 
paratus in  these  rooms  are  dust-proof  chambers  for  making  inocula- 
tions, cultures  and  transfers  of  bacteria;  steam  and  dry  steriliz^^ 
for  utensils  and  culture  media,  and  culture  chambers  with  automatic 
temperature  control.  The  subjects  receiving  most  attention  in 
this  department  are  sanitary  dairying  and  the  relation  of  dairy 
score  cards  to  it;  problems  of  the  milking  machine;  the  effect  of 
stable  conditions  on  milk  quality,  and  the  life  and  changes  of  bacteria 
in  the  soil  with  reference  to  the  maintenance  of  fertility.  In  con- 
nection with  the  latter  line  large  tiles  set  in  the  ground  southeast 
of  the  forcing  houses  are  used. 

In  the  hall  between  the  Bacteriologist's  office  and  that  of  the 
Botanist  on  the  right  are  cases  showing  specimens  of  plant  diseases, 
fungi,  etc.,  which  he  in  the  province  of  the  Botanist.  The  lines 
receiving  most  attention  in  recent  years,  and  at  present,  in  the 
Botanical  Department  are  studies  of  potato  troubles;  diseases  of 
currants  and  clematis;  winter  injuiy  and  other  physiological  troubles 
of  fruit  trees;  methods  of  eradicating  dandelions  on  lawns,  and  seed 
testing.  An  interesting  display  of  weed  seeds  will  be  found  in  the 
west  room  of  the  east  wing.  In  this  room,  also,  and  in  the  one 
adjoining,  are  cases  showing  insects  and  their  work,  and  insect  breed- 
ing cases  belonging  to  the  Entomological  Department,  whose  rooms 
are  in  the  southeast  quarter  of  this  floor.  The  problems  at  present 
demanding  most  attention  from  the  Entomologists  are  the  control  of 
pear  psylla,  borer  and  thrips,  apple  and  cabbs^e  aphids,  and  maggots 
on  cabbage  and  radish,  and  studies  on  sulphides  as  spray  materials. 

In  the  third  story  of  this  building  are  rooms  for  photographic 
work,  and  the  brine  tanks  for  the  refrigeration  system;  and  in  the 
basement  the  boilers,  engines,  motors  and  pumps,  with  the  fire- 
protection  apparatus  of  the  institution. 

In  the  Administration  Building  are  located  the  main  office.  Di- 
rector's office  and  office  of  the  Mailing  Clerk  on  the  first  floor;  and 
the  Library  and  office  of  Editor  and  Librarian  on  the  second  floor. 
The  rooms  on  the  third  floor  are  private,  being  occupied  as  dor- 
mitories by  some  of  the  Station  employees.  For  bulletins,  consult 
the  Mailing  Clerk  in  the  rear  room,  west  side,  of  main  floor. 

In  the  Chemical  Laboratory  will  be  found,  on  the  first  floor  at 
the  left,  the  office  of  the  Chemist;  at  the  right,  the  chemical  library 
and  reading  room;  and  in  the  rear,  at  left  and  right,  respectively, 
laboratories  for  dairy  research  and  nutrition  investigations.  TTie 
basement  laboratories  are  largely  devoted  to  the  analyses  of  fertil- 
izers, feeding  stuffs  and  insecticides  and  fungicides.  The  nitrogen 
determinations  are  made  in  the  west  laboratory,  those  of  phosphoric 
acid  in  fertilizers  and  of  fat  or  oil  in  feeds  in  the  one  at  the  east. 

The  laboratories  are  equipped  with  the  various  kinds  of  apparatus 


New  York  Agricultural  Experiment  Station.         973 

needed  for  the  work,  such  as  delicate  balances,  capable  of  weighing 
accurately  less  than  1-1000  grain;  steam  and  electric  drying-ovens; 
polariscope  for  quick  determination  of  sugar;  electric  centrifugal 
machine  whiriing  over  2000  revolutions  a  minute;  special  apparatus 
for  determining  fat  or  oil  in  feeds  and  other  materials;  special  ap- 
paratus for  determining  nitrogen  in  any  material. 

On  the  second  floor  are  the  oflSces  of  the  First  Assistant,  who  has 
charge  of  poultry  investigations,  and  of  the  Agronomist,  whose  time 
is  given  largely  to  problems  of  soil  fertility,  especially  in  orchards 
and  vineyards,  and  in  alfalfa  growing. 

The  Ijrsimeters  or  soil  tanks,  just  west  of  the  fruit-storage  building, 
are  part  of  the  equipment  for  this  department. 

experiments  in  progress. 

On  the  lawn  back  of  the  Administration  Building  is  a  dandelion- 
spraying  experiment,  in  which  a  fair  degree  of  success  has  been 
secured  in  controlling  this  pest. 

On  the  soil  tanks  west  of  the  fruit-storage  building,  crops  are 
growing  in  soils  typical  of  certain  sections  of  the  State.  This 
battery  of  twenty  lysimeters  makes  it  possible  to  secure  very  exact 
knowledge  of  the  soil  composition  and  of  the  changes  made  in  it 
by  the  growth  of  various  crops.  The  water  draining  from  these 
tanks  is  all  saved,  measured  and  examined  chemically. 

Across  the  road  from  the  Administration  Building  is  a  plantation 
of  975  seedling  apple  trees,  each  from  known  parents;  interplanted 
among  these  are  seedling  gooseberries,  currants  and  raspberries; 
and  to  the  east  lie  six  rows  containing  950  seedling  grapes. 

East  of  the  grapes,  along  the  road,  is  a  collection  of  about  600 
varieties  of  dahlias. 

In  the  first,  or  north,  forcing  house  studies  on  plant  nutrition  are 
carried  on,  including  pot  tests  of  alfalfa  and  other  crops  on  soil 
from  the  "  hill  lands  "  of  southern  New  York  and  on  soil  from  the 
Station  farm,  and  of  peaches  grown  with  various  fertilizer  com- 
binations. 

In  the  other  adjoining  houses  breeding  work  is  being  carried  on 
with  roses  and  orchids,  and  with  cucumbers,  melons  and  other 
vegetables.  The  east  glass  house  is  devoted  to  work  with  insects 
and  plant  diseases. 

East  of  the  forcing  houses  will  be  found  a  block  of  600  seedling 
grapes,  interspersed  among  which  are  7S  named  Vinifera  grapes, 
the  first  collection  of  these  European  grapes  to  be  grown  successfully 
^  in  the  open  in  the  eastern  United  States.  These  varieties  are  marked 
with  aluminum  labels.  Beyond  the  grapes  is  a  block  of  named 
varieties  of  strawberries,  and  across  the  drive  from  them  a  collection 
of  60  varieties  of  English  and  American  gooseberries.  West  of  these 
are  30  varieties  of  currants,  red,  white  and  black,  and  120  varieties  of 
raspberries  and   blackberries.    Then   follow   a  block  of   seedling 
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strawberries  on  their  second  test,  two  rows  of  grape  seedlings  and 
another  block  of  seedling  strawberries  on  their  fii^t  test. 

In  the  garden  the  only  feature  of  special  note  is  three  rows  of 
French,  or  ^obe,  artichokes. 

In  vineyard  8,  south  of  the  garden,  are  180  named  varieties  of 
grapes;  east  of  this  vineyard  325  seedling  raspberries  on  their  sec- 
ond t^,  with  interset  rows  of  seedling  strawberries  on  their  second 
or  third  testing;  and  stiU  further  to  the  east  are  other  seedling  straw- 
berries on  their  first  or  second  test.  At  the  end  of  this  block  is  a 
small  orchard  of  dwarf  apples. 

The  block  across  the  drive  south  of  the  plats  just  mentioned 
extending  from  Castle  street  to  the  farm  lane,  contaix)s  only  seedlings. 
The  vineyard  at  the  east  end  contains  3700  seedling  grapes,  inter- 
planted  with  seedUng  raspberries  on  their  first  test.  The  raspberry 
plants  remaining  are  survivors  of  full  rows,  the  others  having  been 
discarded  after  fruiting. 

The  block  of  seedling  apples,  pears  and  pliuns  west  of  the  grape 
seedlings  contains  700  trees,  interspersed  with  raspberries  on  the 
east,  and  gooseberries  on  the  west.  The  purple  raspberries  are 
hybrids  between  black  and  red  raspberries. 

South  of  this  block  of  seedlings  is  the  Station  alfalfa  field,  part 
of  it  now  turned  under  for  a  crop  of  beets;  at  the  west  end  of  this 
field  is  another  vineyard  of  70  named  varieties  of  grapes. 

Across  Castle  Creek,  to  the  right  of  the  drive  is  the  Rome  Beauty 
orchard,  used  for  20  years  in  a  fertilizer  test.  The  plat  treatments 
are  shown  on  labels  at  the  north  end  of  the  rows.  Trees  of  many 
other  varieties  are  interspersed  among  the  Rome  Beauty  trees. 

Back  of  this  orchard  is  a  plantation  of  960  Seckel  pear  pure  seed- 
lings, bred  in  the  attempt  to  secure,  if  possible,  a  larger  Seckel, 
and  one  resistant  to  blight. 

East  of  the  drive  is  a  plum  orchard  of  275  varieties  and  south  of 
this  is  a  cherry  plantation  of  75  varieties.  Back  of  the  plums  and 
cherries  is  an  orchard  containing  400  peaches,  apricots  and  nectarines, 
with  a  block  of  native  and  Vinifera  grapes  at  the  north. 

Beyond  the  orchards,  to  the  south,  are  several  experiments  with 
field  crops.  First  on  the  right  are  fertilisser  and  lime  tests  on  alfalfa, 
with  incidental  trials  of  varieties  and  an  experiment  with  alfalfa 
grown  in  rows  to  ascertain  the  chances  for  seed  production  in  New 
York  State. 

South  of  the  alfalfa  is  a  twelve-acre  field  devoted  to  a  comparison 
between  manure  and  commercial  fertilizers,  both  alone  and  in  com- 
bination with  green-manuring  legumes.  Four  four-year  rotations  of 
crops  have  already  been  grown.  Across  the  drive  from  this  field  are 
several  experiments  with  potatoes:  Test  of  time  planting,  by  the 
Agronomist;  the  effect  of  spraying  with  sulphides  either  with  or 
without  arsenate  of  lead,  by  the  Entomologist;  and  a  comparison 
of  lime-sulphur  and  bordeaux  mixture,  a  test  of  thick  and  thin 
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planting,  and  a  field  study  of  potato  degeneration,  by  the  Botanical 
Department. 

Near  the  south  side  of  the  farm,  east  of  the  drive,  are  several 
experiments  with  soil  in  the  open  field,  originally  planned  to  study 
the  effect  of  adding  calcium  and  sulphur  from  different  salts  to  a 
type  of  soil  possibly  lacking  in  absolute  amount  of  these  elements 
or  in  the  best  relative  proportion  of  these  constituents  to  others. 
Chemicals  have  been  added  to  soil  used  in  these  experiments  grad- 
ually for  twenty  to  twenty-five  years  to  get  a  cumulative  change  with- 
out too  sudden  disturbance  of  normal  soil  life;  and  various  crops  have 
been  grown  on  the  plats. 

Coming  back  toward  the  buildings,  the  visitor  finds  to  the  west 
of  the  bams  the  remains  of  the  old  variety  orchard  of  apples,  of  which 
the  trees  on  the  west  half  have  been  removed  and  the  ground  re- 
planted to  peaches,  apricots  and  nectarines. 

In  this  orchard,  in  the  seedling  orchard  across  from  the  Adminis- 
tration Building  and  in  the  Rome  Beauty  orchard  spraying  ex- 
periments for  the  control  of  pests  are  being  conducted,  this  year 
with  special  reference  to  the  rosy  apple  aphis. 

West  of  the  Ice  House  is  a  small  nursery  and  west  of  this  are 
seedling  and  named  strawberries,  on  their  final  test  on  Station 
grounds.  Beyond  the  tennis  court  is  a  second  plantation  of  pure 
seedling  Seckel  pears,  interset  with  gooseberries  and  raspberries  and 
beyond  these  are  apple  and  plum  seedlings,  with  a  few  trees  left 
of  an  old  plum  and  pear  orchard. 

South  of  the  drive  and  toward  the  west  entrance  are  tests  with 
vegetables,  including  breeding  and  selection  trials  of  tomatoes, 
potatoes,  cabbage,  etc. 

Passing  now  to  the  Crittenden  farm,  we  find  an  irregular  area  on 
the  south  »for  general  farm  crops,  and  north  of  this  a  large  field, 
newly  underdrained,  devoted  to  rotation  and  cultural  experiments 
looking  to  the  maintenance  of  soil  fertility.  A  portion  of  the  tri- 
angular area  between  this  field  and  the  main  drain  has  been  dyna- 
mited to  test  the  effect  of  this  operation  on  subsequent  crops. 
Another  dynamiting  test  in  connection  with  fruit  growing  was  made 
near  the  north  end  of  the  orchard  on  this  farm. 

This  orchard,  of  about  30  acres,  in  the  northwest  section  of  the 
farm,  contains  about  3000  trees  —  apple,  pear,  plum,  cherry  and 
quince.  It  is  primarily  a  variety  orchard,  but  also  used  for  experi- 
ments in  testing  effect  of  various  methods  of  preliminary  soil  prep- 
aration, of  different  times  and  ages  for  planting,  of  methods  of 
propagation,  of  influence  of  selected  buds  and  of  different  stocks 
and  of  methods  and  times  of  pruning. 
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Meteobological  Recobds  of  the 


Ybarlt  Maxdotu  ANDMiNmuv  Tempbk^tusbs  fbom  1883  to  1915 

Inclusive. 
(Highest  and  Lowest  Record  for  the  Tdi£  in  Heavy  Type.) 


1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

1880. 

1890. 

1801. 

1892. 

1893. 

1894. 

1805* 

1896. 

1897. 

1898. 

1899. 

1900. 

1901. 

1902. 

1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1916. 


MAxmnif  FOB  Eacb  Ybab. 


Date. 


Aug.  23 

Aug.  20 

July  18 

July     7 

July     3 

Juno  23 

May  18 

Aug.    4 

June  16 

July  29 

July  26 

July  21 

June    3 

Aug.    6  and  7 

Sept.  11 

July     4 

July    4  and  Aug.  20. 

Aug.     1 

July     1 

Mmt  24,  July  14  and 
27,  August  31  and 
Sept.  1 

July     9 

July  19 

Aug.  10 

Aug.    5 

Aug.  12 

Aug.    4 

Aug.    8 

July    9 

July     5 

Sept.    6 

Aug.  17 

Aug.    9 

Sept.  14 


Temp. 


02. 

05. 

90.5 

95. 

05.5 

04.1 

01.8 

06.2 

05. 

06.3 

05.5 

07. 

06. 

06. 

08. 

96.5 

07.5 

07. 

07.5 


00. 

04. 

03. 

03. 

03. 

06.5 

05. 

06.5 
106. 

05. 

04. 
03. 


MiNiinni  roB  Each  Ybab 


Date. 


Temp. 


Jan.   11 

Dec.  20 

Feb.  11 

Jan.   13 

Jan.   10 

Feb.  10 

Feb.     4  and  24. 

Mar.    8 

Feb.  15 

Jan.  10 

Jan.   11 

Feb.  27 

Feb.     8 

Feb.  17 

Jan.  20 

Jan.   30  and  31 
Feb.  11 


—  3.5 


Feb. 
Feb. 

27 ' 

24 

Dec. 
Feb. 
Feb 

0 

18  and  Dec.  19. 
16 

Feb. 
Feb. 
Jan. 

6  and  14 

6and7 

24 

Jan. 
Jan. 

2and5 

10 

Jan. 

5 

Jan. 

5 

Jan. 

14 

Feb, 

10 

Feb. 
Jan. 

13  and  24 

30 

9. 

15  5 
11  5 
18.7 

8. 

7. 

7. 

2. 

2.5 

5. 

6. 
■8.5 
U. 
21 

3. 

4. 

8. 

0. 

2.5 


—  5. 

—  4. 
—18. 

—  6. 

—  7. 
—18. 
—14. 

—  7. 

—  8. 

—  1. 
—12. 
—10. 
—14. 

—  3. 


*  Data  from  record  kept  by  Mr.  Edgar  Parker;  Station  record  not  available. 
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comparison  of  types 159 
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fertiliaer 110 

importance  of  crop 114 

inoculation  for Ill 

land,  application  of  lime 110 

meals,  analyses  of 800 

preparation  of  land  for 109 

rate  of  seeding 112 

seed,  analyses  of  samples 701 

bed 109 

production '. 113 

seeding Ill 

time  of  seeding 112 

tjTpes  of 112 

Alsike  clover  seed,  analyses  of  samples 702 

(995) 
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Amanda  strawberry  deacribed 606 

Amaterdam  limestone,  description  and  composition. 96 

Anderam,  R.  J.,  bulletin  by 333 

Animal  products,  analyses  of 795 

Anthony,  R.  D.,  bulletin  by 489 

AphU  avenae  (see  Oat  i4>hi8). 

eggs,  susceptibility  to  spraying 390 

pomi  (see  Green  Bpp]e  aphis). 

rosy,  green  and  oat  (see  Rosy  aphis.  Green  apple  afhis  and  Oat  aphis). 

sorH  (see  Rosy  aphis). 

Apple,  control  of  plant  Hoe  on 942 

trees,  effect  of  ddayed  treatment  of  pruning  wounds 513 

immediate  treatment  ci  spring-pruning  wounds 514 

winter^runing  wounds 508 

varieties  originating  at  Station,  descriptions 607 

Apples,  blooming  season  of 549 

dwari,  discussion  of 518,  947 

dwarfing  stocks 523 

ripening  time  and  season 573 

Station,  distribution  of 607 

stocks  for 522 

Artificial  milking,  apparatus  used l^ 

Aaeochyta  clematidina  causes  diseases  of  clematis 318 

technical  description  of 323 

B. 

Babcock-test  glassware,  notes  on  inspection 24 

Bacillus  bulfforicua  in  whey,  effect  of  pasteurisation  on 221,  223,  224,  226,  227 

228,  229,  230,  232 

Bacteria  counts  and  score  card  grading  of  milk,  graphic  comparison 146,  147 

bam  scores  of  milk,  compariiBon 138,  143,  144 

deposited  from  bacteria-rich  air 190 

in  air,  effect  of  barn  operations  on 184,  193 

of  disturbed  stable  loft 186 

milk,  number  derived  from  air 183 

stable  air  as  source  of 178 

Bacterial  analysis  of  air,  history  of 154 

methods IW 

technique 156 

stable  air  in  commercial  dairies 199 

precipitation,  measuring,  comparison  of  methods 174 

Bacteriological  examinations  of  milk,  methods 19* 

Bacteriology,  Department  of,  report 123 

location  of  experiments  in :^ 

review  of  work  in 2S 
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Barker,  J.  F.,  balMiM  by 63,    72 

circular  by 108 

Barley  by-products,  analyses  of 833 

Bam  <4>eratioi)s,  effect  on  bacteria  in  air 184,  198 

scores  and  bacteria  counts  of  milk,  comparison 138,  143,  144 

Becraf  t  limestone,  composition  and  description 86 

Beekmantown  limestone,  description  and  composition 98 

Bertie  waterlime,  description 91 

Black  Pearl  raspberry  described 604 

Blackberries  and  dewberries,  ripening  time  and  season 593 

blooming  season  of 667 

desirable  varieties 646 

raspberries  and  dewberries,  cultural  directions 637 

Bkdgett,  Forest  M.,  bulletin  by  239 

resignation  as  associate  botanist 10 

Bk>oming  data,  value  of ^ 646 

season  of  hardy  fruits 646 

variability  in 648 

time  and  ripening  time,  relation 672 

effect  of  location  on 646 

Bhiegrass  seed,  analyses  of  samples 710 

Board  of  Control,  list  of  members v 

officers V 

Bordeaux  mixture,  effect  on  foliage  of  potatoes 297 

VB.  lime-sulphur  for  potatoes 291 

Bosworth,  Alfred  W.,  buUetins  by 362,  366,  369 

resignation  as  associate  chemist 9 

Botany,  Department  of,  report 237 

location  of  experiments  in 36 

review  of  work  in 33 

Breed,  Robert  8. ,  bulletin  by 207 

Brew,  James  D.,  bulletin  by 125 

Brewers'  grains,  analyses  of 733 

Buckwheat  products,  analyses  of 829 

Bulletins,  edition  of 17 

issued,  list 48 

Bulletins  reprinted.  No.  394,  699;  No.  395,  239;  No.  396,  606;  No.  397,  291; 
No.  398,  125;  No.  399,  302;  No.  400,  53;  No.  401,  609;  No.  402,  386;  No.  403, 
597;  No.  404,  727;  No.  405,  313;  No.  406,  518;  No.  407, 546;  No.  408, 671; 
No.  409,  151;  No.  410,  841;  No.  411,  403;  No.  412,  207;  No.  413,  9. 
Bulletins  reprinted,  Popular,  No.  394,  919;  No.  396,  922;  No.  397,  923;  No.  398, 
924;  No.  399,  933;  No.  400,  935;  No.  402,  942;  No.  406,  947;  No.  409,  962; 
No.  411,  960;  No.  412,  963. 
BuUetins  reprinted,  Technical,  No.  40,  333;  No.  41,  362;  No.  42,  433;  No.  43, 

366;  No.  44,  318;  No.  45,  489;  No.  46,  369;  No.  47,  72. 

Bulletins,  technical,  list  of. 49 
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CarateDfli  C.  C,  dreular  by 666 

Casein  of  goat  milk,  molecubr  wei|^t  of 371 

relation  to  bases 370 

valency 371 

Chautauqua  i4>ple  deseribed 607 

Chasy  limestonei  deseription  and  oomposition 97 

Chemical  composition  of  ground  Kmestones 56 

Department,  report  of 331 

Chemistry,  review  of  worlc  in 96 

Cherries,  blooming  season  of 561 

"  Cherries  of  New  York,"  publication  erf 17 

ripening  time  and  season 588 

Cherry  and  hawthorn  saw-fly  leaf-miner 403 

Lambert,  described 601 

leaf-miner,  anatomy  of  reproductive  organs 413 

appearance  of  injury —  c 409 

biology  of 410 

control  on  hawthorns 430 

description  of  life  stagee 411 

distribution  of 408 

experiments  in  control  of 426 

fumigation  with  hydrocyanic  add  gas 428 

host  plants  of 406 

life  history  and  habits 417 

methods  of  control  recommended 431 

natural  enemies 422 

removal  of  a£fected  leaves 428 

test  with  sweetened  bait 429 

pest,  new 960 

Circulan  reprinted.  No.  33,  637;  No.  34,  652;  No.  35,  669;  No.  96,  655;  No.  37, 
607;  No.  38,  665;  No.  39,  106;  No.  40,  659;  No.  41,  478;  No.  42,  970;  No.  43, 
673;  No.  44,  484;  No.  45,  116;  No.  46,  647. 

Circulars,  list  of 49 

Civil  Service  relations  of  Station  Staff 11 

Clematis  disease,  control  experiments 324 

description  of 319 

fungus  producing 321 

taxonomy  of 322 

inoculation  experiments 322 

literature  of 329 

metliods  of  controlling 328 

soap  and  sulphur  for 326 

panicuUUaf  injurious  effects  of  sulphur  on 326 

stemnrot  and  leaf-spot,  study  of 318 

Clover,  alsike,  red  and  white  (see  Alsike  clover,  Red  clover  and  White  clover). 

Cobleskill  dolomite,  description  and  composition 90 
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Goeynuuifl  limestone,  deecriplMm  tmd  eompoation 87 

Gold  fmnee,  ooostruction  and  iwe 609 

GbUiaoii,  R.  C,  balletiDa  by 63,  72 

OoV>r  of  skin  of  snpes,  ioheriteBoe 496 

Compounded  feeda,  analyseB  of 739 

molasses,  analyses  of 762 

Cooperative  experimental  work,  notes  on 24 

Com  and  oats,  analyses  of 834 

bran,  analyses  of 833 

feed  meals,  analyses  of 832 

Cornell  dairy  scsore  card 132,  134 

Gotland  apple  described 608 

Cottonseed  meal,  analyses  of 727 

Cowpea  and  soy  bean,  culture  of 116,  119 

food  constituents  in 119 

uses  and  value 117 

yidds  and  feeding  value 118 

Cowpeas,  varieties  for  New  York  State 121 

Crabapples,  blooming  season  of 553 

ripening  time  and  season 580 

Crawford,  Frederick  N.,  resignation  as  assistant  chemist 10 

Crickets,  tree  (see  Oeeanthua). 

Crops  sensitive  to  acid  soils 55 

Currants,  blooming  season  of 566 

ripening  time  and  season 502 

D. 

Dahlia  culture,  notes  on 686 

history  of 674 

Dahlias  and  their  culture 673 

classification  of 678 

desirable  varieties 680-686 

Dairies,  conmiorcial,  bacterial  analyses  of  stable  air 199 

Dairy  by-products,  cost  of  pasteurisation 216 

effects  of  pasteurisation 212 

efficiency  of  pasteurization  in  N.  Y.  State 216 

pasteurisation  and  feeding  value 212 

of 207,  963 

Decker  Ferry  limestone,  description  and  composition 91 

Department  of  Agronomy,  report  of. 51 

Bacteriology,  report  of 123 

Botany,  report  of 237 

Chemistry,  report  of 331 

Entomology,  report  of 388 

Horticulture,  report  of 487 
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Dewberries,  blaokberries  and  raapbenrieB,  eulturai  directiotis 687 

desirable  varieties 646 

Director's  report 9 

Disease,  effect  of  pasteurisation  of  dairy 'products  on  spread  of 212 

Distillers'  grains,  analyses  of 732 

Dotterrer,  W.  D.,  bulletin  by 207 

Doudn  stock  for  dwarfing  ^ples. 526 

Dutch  paradise  stock  for  dwarfing  apples. 526 

Dwarf-iqjple  esperiment,  care  of  orchard 531 

conclusion 543 

mishaps 533 

plan  of  tests 530 

results 533 

apples,  discussion  of 518,  947 

fruit  bearing  on  different  stocks 538 

sise,  color  and  quality  of  fniit 542 

sise  of  trees 537 

suckering 536 

surface  rooting 535 

time  of  bearing 541 

union  of  stocks  and  cions 534 

varieties  best  adapted 542 

winter  injury 534 

yield  of  fruit 538 

Dwarfing  stocks  for  apples 523 

origin 527 

propagation 527 

I,  methods 520 
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English  Nonesuch  stock  for  dwarfing  apples 526 

Paradise  stocks  for  dwarfing  apples 525 

Entomology,  Department  of,  report 383 

location  of  experiments  in 42 

notes  on  work  in 38 

Equipment,  new,  required 13 

Experiments  outside  Station  grounds 24 

F. 

Feeding-etuffii,  analyses  of 727 

definitions 838 

inspection,  notes  on 23 

value  of  dairy  by-products,  effect  of  pasteurisation, 212 

Feeds,  miscellaneous,  analyses  of 835 

Fertiliser  inspection,  notes  on 23 

report  on 841 
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FertiliBcrs,  analyoeB  of 844 

Fertalising  alfalfa HO 

Fibrin,  ash  free,  method  of  preparing 363 

chemical  properties  of 362 

molecular  weight  of 365 

relation  to  bases 364 

hydrochloric  acid 364 

FicUa  viHcida  (see  Grape  root-worm). 

Filters,  liquid,  used  in  aeroscopes 160 

Fineness  of  ground  limestone 67 

Fish  scraps,  analyses  of 800 

Fiahkill  limestone,  description  and  composition 100 

Flowers,  fruit,  effect  of  moisture  on  essential  organs 547 

temperatures  on  essential  organs 547 

Flume,  Arthur  J.,  appointment  as  assistant  chemist 10 

Form  of  grape  berry,  inheritance 502 

Frames  for  plant  growing,  construction  and  use 660 

Franklin  limestone,  description 102 

French  paradise  stocks  for  dwarfing  apples 524 

Fruit  trees,  effects  of  dressings  on  pruning  wounds 506 

Fruits,  hardy,  blooming  season  of 546 

ripening  dates  and  length  of  season 571 

new  or  noteworthy,  descriptions  of 597 

variability  in  blooming  season 548 

Fulton,  Bentley  B.,  absence  on  leave 10 

bulletins  by 403,  433 

G. 

Germ  content  of  stable  air  and  milk,  relation 151 

Glasgow,  Hugh,  circular  by 484 

Glens  Falls  fimestone,  description  and  composition 04 

Gloyer,  W.  O.,  bulletin  by 318 

Gluten  feed,  com,  analyses  of 734 

Goat  milk,  acidity  of 377 

analyses 381 

casein  and  salts  of 360 

casein,  relation  to  bases 370 

composition  of 38 

compounds  in 371 

oonstttuents  of 372 

Goats,  miloh,  notes  on  tests  with 37 

Goooeberries,  blooming  season  of 565 

cultural  directionfl 647 

desirable  varieties 651 

ripening  time  and  season 501 
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Gooaeberry,  Industry,  deBcribed 603 

Grape  heredity,  literature  of • 505 

Muscat  Hamburg,  described 600 

root-worm,  discussioa  of 478 

life  history 478 

remedial  measures 481 

Gr^ws,  blooming  season  of 562 

general  results  of  varietal  studies 493 

inheritance  of  characters 4S9 

form  of  berry 502 

quality ^ 

seascm  of  ripening 503 

self  sterility 494 

sex 495 

siie  of  bwry 501 

skin  color 496 

new  varietieB  from  crosses 5M 

ripening  time  and  season 589 

Grass  seed,  analyses  of  samples 710 

Green  apple  aphis  on  apple 388 

Grenville  limestone,  description  and  composition 102 

Gudph  dobmite,  description 91 

Guide  to  Station  grounds  and  buildings 970 

H. 

Hall,  F.  H.,  circulars  by 116,  673 

popular  bulletins  by 919,  922,  923,  924,933,  935,912 

947,  952,  960,  963 

Hartaell,  F.  Z.,  drcular  by 478 

Hawthorn  leaf-miner  (See  Cherry  leaf-miner). 

pest,  new 960 

Hedrick,  U.  P.,  bulletins  by 489, 518«  646, 571,  597 

circular  by 607 

Hodgkiss,  H.  E.,  bulletin  by 385 

Hominy  feeds,  analyses  of 736 

Hop  aphid,  injury  in  1914 241 

mildew  and  strawbeny  mildew,  relation 245 

comparison  of  kinds  of  sulphur  for  control  of 258 

conditions  affecting  growth 252 

control  by  sulphur  treatment 285 

expense  of  suturing  for 287 

fungus,  life  history  of 342 

importance  of 240 

inoculatioD  escperiments  with  asoo^Kyes 244 

maturation  and  dehiscence  of  peritheda 242 

relation  of  rainfall  to  development  of 249,  251 
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Hop  mildew,  relation  of  weather  to  epreiid  of 246 

restilte  of  sulphuring  for 289 

studies  on  spread  and  control 299 

use  of  sulphur  in  control 254 

yards,  summary  of  experiments  in 374,  277 

Hbrtieultuze,  Department  of,  report 487 

loeation  of  coopoative  experiaMnts 48' 

notes  on  work  in 49 

Horton,  Adin  H.,  death  of 10 

Hot  and  cold  frames,  oonstruetion  and  use 669 

Howe,  G.  H.,  bullettn  by 606 

Hoyt  fimestone,  description 99 

Hydrolysis  of  phytin 333,  343 

• 

I. 

Industry  gooseberry  described 603 

i  Information,  Station  as  bureau  of 21 

.   Inheritance  of  grape  characters 489 

Inoculation  for  alfalfa Ill 

laosite  triphosphoric  acid,  cleavage  of 341 

in  wheat  bran 334 

properties  of 341 

lospeetion  work,  notes  oa 23 

report  on 697 

Investigation,  review  of  work 24 

Inwood  limestones,  description  and  composition 101 

Irondequoit  limestone,  description 92 

J. 
Jordan,  W.  H.,  rep(»i  as  Director 9 

K. 

King  farm  hop-yards,  experiments  in 261 

Eolp,  W.  L..  bulletin  by 161 

L. 

Lambert  cherry  deeeribed 601 

Late  Muscatelle  plum  described 602 

Lathrop,  Frank  H.,  i4>pointment  as  assistant  entomologist 10 

Lehman  hop-yard,  experiments  in 269 

Leopard  moth,  discussion  of 484 

treatment  of 485 

Lewis,  Edward  J.,  appointment  as  assistant  chemist 10 
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Lime  and  sulfur  uaed  in  treating  bop  mildew 263 

appUeation  on  alfalfa  land * 110 

burned,  nature  and  use  of v 63 

caustic,  w.  ground  limeatone 64 

-eo^ur,  effect  on  foliage  of  potatoes 297 

injurious  to  potatoes 923 

tf8.  bordeaux  mixture  for  potatoes 291 

limestone,  amount  to  use 61 

fidd  tests  for  need  of 62 

formations,  New  York,  description  of 73 

formations  of  New  York,  tabulated  descriptions 74-84 

ground,  fineness  of 67 

for  acid  soils 53.  935 

composition  of  kinds  sold  in  New  York 56 

practical  use  of. 55 

w.  caustic  lime 64 

mftgnftwiiiTn,  notes  on 65 

map  of  New  York,  notes  on  (map  in  pocket  at  end  of  volume) 103 

methods  of  i4>plying 62 

(Hrigin  of 105 

returns  from  use  of 69 

types  of 104 

Limestones,  comparative  value 53 

of  New  York,  composition  and  discussion: 

Amsterdam 95 

Becraft 86 

Beekmantown 98 

Bertie  waterlime 91 

Chaay 97 

Ck>bleBkill  dolomite 90 

Coey mans 87 

Decker  Ferry 91 

Fishkill 100 

PrankUn 102 

Glens  Falls 94 

Grenville 102 

Guelph  dolomite 91 

Hoyt 99 

Inwood 100 

Irondequoit 92 

Leray 95 

Little  Falls  dolomite 90 

Lockport  dolomite 91 

Lowville 96 

Manlius 88 

New  Scotland 87 
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LimeBtonee,     Oiioodag» 85 

Pamelia 97 

Rondout 89 

Roeendale  waterHme 99 

Theresa 100 

TtenUm 93 

Tribee  Hill 98 

TuUy 73 

Wappinger , . .  100 

Watertown 95 

Wolcott 93 

limestoneB  of  New  York,  cLecuflBion  of 72 

Liming,  New  York  State  soils  in  need  of 55 

not  a  substitute  for  fertilizing 61 

linseed  meals,  analyses  of 729 

Little  Falls  dolomite,  description  and  composition 99 

Lockport  dolomite,  description  and  composition 92 

LowviUe  limestone,  description  and  compositbn 96 

M. 

Magnesium  limestone,  notes  on 65 

Maintenance,  funds  appropriated  for  in  other  states 18 

asked  and  appropriated  for 11 

Malt  sprouts,  analyses  of 730 

Manlius  limestone,  description  and  composition 88 

Marldon  raspberry  described 605 

Meteorological  records  for  1915 984 

Mildew,  hop,  studies  on  spread  and  control 239 

Milk  and  stable  air,  relation  of  germ  content 151 

bacteria  counts  and  bam  scores  compared 138,  143,  144 

contamination  from  stable  air 952 

Milk,  cow's,  goat's  and  human,  comparison  of 378 

Milk,  goat,  acidity  of 377 

casein  and  salts  of 369 

compounds  in 371 

Milk  grading  by  bacteria  count  and  score  card,  graphic  comparison 146,  147 

human,  acidity  of 366 

composition  of 366 

principal  compounds  of 368 

serum  of 367 

unfilterable  portion  of 367 

Milky  number  of  bacteria  in,  derived  from  air 183 

quality  and  dairy  score  cards 125 

score  card  rating 924 

meaning  of  terra 127 

skim,  pasteurisation  methods  used 210 
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Milk,  stable  air  as  source  of  bacteria  in 178 

MiUdng,  artificial,  apparatus  used 180 

Mix,  Arthur  J.,  appointment  as  assifltant  botanist 10 

Molasses  feeds,  analyses  of 762 

Munn,  Manoel  T.,  absence  on  leave 10 

buUetins  by 291,  099 

Muscat  Hamburg  grape  described 000 


N. 

Neoxabea  hipuvdaiaf  discussion 474 

life  stages  and  habits 475 

New  Scotland  limestone,  description 87 

York  City  dairy  score  card 130,  134 

limestone  formations,  description 73 

State  Ck>llege  of  Agriculture,  proposed  affiliation  with 22 

Commission  for  the  Investigation  of  Bovine  Tuberculosis,  co- 
operation with 207 

Newspapers  received  by  Station 976 

Niagara  peach,  description 509 

Oat  aphis  on  apple 388 

Oats  and  com,  analyses  oi 834 

O. 

OecafUhu8t  bibliography  of 476 

description  of  spermatophore 446 

digestive  organs 441 

feeding  habits 440 

female  reproductive  organs 447 

formation  of  spermatophore 447 

hatching  of 438 

key  to  eggs  and  oviposition  habits 452 

key  to  q)ecies 436 

life  stages 436 

male  reproductive  organs 447 

mating  habits 442 

metanotal  i^and  of 444 

molting  of 440 

musical  organs  and  song 441 

oviposition 451 

angusHpennis,  description  of  life  stages 457 

discussion  of 457 

oviposition 459 

song 459 

exdamationiSf  discussion 460 

life  stages 460 

scmg 461 
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(kocmihuB,  laHpennu,  diseiuBdoa : .  471 

me  Btages 472 

ovipodtioB 473i 

0ong 473 

mgrieorriMf  discuflBion 465 

lifeBtages 466 

ovipositioii 467 

Bong 467 

mveuB,  diaouarion  of 452 

distribution  and  habits 453 

life  stages 453 

oviposition 455 

song 455 

pint,  discussion 469 

life  stages 469 

oviposition 470 

song 470 

quadripuncUUtut,  discussion 462 

life  stages 463 

oviposition 464 

song 464 

O. 

(KHanlon,  Wilfiam,  nport  as  Treasurer 1 

Onion  culture,  directions  for 659 

Onions,  desirable  varieties 664 

Onxadaga  iq>ple  described 608 

Onondaga  limestone,  composition  and  description 85 

Orchard  grass,  analyses  of  samples 710 

Orchards,  apple,  control  of  plant  lice  in 385 

used  in  dwarf  apple  experiment 528 

Oswego  apple  described 608 

P. 

PameliA  limestone,  description 97 

Parrolt,  P.  J.,  bulletins  by 386,  403,  484 

Pasteorisation,  inefficient,  of  whey,  causes 232 

methods  for  wfa^  and  wkimmilk 210 

of  dairy  by-products 207,  963 

cost  of 216 

effects  of 212 

efficiency  in  New  York  State 216 

sldmmilk,  studies 233 

whey,  studies 218 

Peaeh,  Niagara  variety ^ 599 

trees,  effect  of  immediate  treatment  of  winter-pruning  wounds 515 
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Peaches,  bloomiiig  pcmop  of 556 

ripening  time  and  season 583 

Pear  borer,  sinuate,  disoussicm  of 484 

Pears,  blooming  season  of 554 

ripening  time  and  season 581 

Periodicals  received  by  Station 976 

Phosphorus  compound,  organic,  of  wheat  bran 333 

Phytase,  destniotbn  by  heat 354 

hydrolysis  of  phosphorus  compound  of  bran  by 348 

phytin  by 343 

Phytin,  hydrolysis  of 333,  343 

in  wheat  bran 355 

Plant  lice,  control  in  apple  orchards 385 

cooperative  spraying  experiments 393,  394,  395,  396,  397 

destruction  in  fall 392 

methods  of  control  in  various  states 398 
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